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CrepuiibHbIE HEUTPUHO C MAaCCOU B Auaria3oHe k3B

e CTeprIbHOE HEMTPUHO C MAaCCOM B AUAIIA30HE HECKOJBKUX K3B craso
JTAAUPYIOIAM KaHIUJIATOM HA POJIb TEMHOM MAaTE€pUHU

e OrtcyTCcTBHE B3aUMO/JICMCTBUS ¢ OOBIYHOM MaTEpUEH, 32 HCKITIOUCHUEM
IPaBUTAIAM U CMEIIMBAHUS C JIEBBIMA HEUTPUHO B MACCOBOM MAaTpPHIIE,
XOPOIIIO COIIacyeTcs ¢ HaOJIr0JaeMbIMU CBOMCTBAMHU TEMHOM MaTEpHUH.

e Macmrad Maccel mopsijika KaB 0COOEHHO HHTEpPECEH, IMTOCKOJIbKY OH
3aMO0JIHAET MPOOET MEXKY TKEJIBIMHU "'XOJOAHBIMU" 1 O0Jiee JIErKUMU
"ropsiaunMH" KaHAWAaTaMHM Ha POJIb YaCTHUIl TEMHOM MaTEpHH, peaiaras
YHUKAJIBLHOE PEIICHUE HEKOTOPBIX MPOOIEM, C KOTOPHIMU CTAJTKUBAOTCS
MOJIEJIN XOJIOJHOW TEMHOM MaT€PUX B MAJIbIX KOCMOJIOTHYECKUX
MaciiTadax.

M.Drewes at. al., A White Paper on keV Sterile Neutrino Dark Matter, Journal of
Cosmology and Astropaticle Physics_2017, 01, 025

S.Dodelson and L.M.Widrow,
Sterile-neutrinos as dark matter,"
Phys. Rev. Lett. 1994, 72, 17
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Ecnu crepuiibHbIE HEUTPUHO
CMEIIMBAXOTCA C AKTUBHBIMHU

PMNS-Mmatpuna (marpuna I[TontekopBo — Makn — HakaraBer — CakaTbl)
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CrexTp [3-pacnajga TpUTHS B clydae
IIPUMECH 4-T0 MaCCOBOI'0 COCTOSTHUSA
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NHTerpanbHbIli METOI PETUCTPALIMU

HauOoJsiee MTHTEHCHUBHBIE CYIIECTBYIOIINE HCTOYHUKU TPUTH
yCTaHOBOK « Tpounk Hro-macc» 1 KATPUH mo3BossitoT n3yyarh
CIEKTPHI B-pacnana mpu ckopoctu cuera 1o 103... 1019 amexrpon/c.
B cueTHOM, CIIEKTPOMETPUUECKOM PEKUME PErUCTpaALUs TaKHUX
IIOTOKOB HEBO3MO>KHA M HA MPAKTUKE MPUXOJUTCS CHUKATh
MHTECHCUBHOCTh MCTOUYHHKA MPUMEPHO Ha JBa MOPsJIKa. ITO
OrpaHUYE€HHE CHUMAETCS B METOJI€ MHTETPAITLHON PErucTpaliui,
pazpaboranHeiM B.M.JIoOanieBbIM.

V.M.Lobashev. Parity non-conservation in the gamma decay of
181Ta Physics Letters 1967. 25, 104

Parity non-conservation in the gamma - decay of /K. Phys.
Letters, 1969, 308. V.M.Lobashev, M.A.Lozovoy, V.A.Nazarenko.,

L.M.Smotritskii , G.I.Kharkevich
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NHTEHCUBHOCTh UICTOYHUKOB TPUTHS
«Tpounk Hro-macc» 1 KATPUH

KATRIN
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Br100op merexkropa

Hunuaap dapagest B kKa4yeCTBE JAETEKTOpa ObLI BBIOpaH MO
HECKOJIBKHUM COOOPaKCHUSIM

- B MeTaiie He mpuXOoaUTCs 0)KUAATh HAKOTUICHUS 3apsiJIOB,
00pa30BaHUs 00BEMHOTO 3aps/ia U UCKAKEHNSI BHYTPEHHETO
3JIEKTPHUUYECKOTO IMOJIS U, KaK CIIeICTBUE, Apeida
3(P(HEKTUBHOCTU PETUCTPALIMH.

- HM3meHeHMe nmoTeHIMana JeTeKTopa Ipyu U3MEHEHUHU 3arpy3KU
IPEeHEOPEKMMO MaJjIo IO CPABHEHHUIO C DHEPTUEH
PETUCTPUPYEMBIX YACTHIL U HE JIOJIKHO KaK-TO BJIMSTH Ha
3JEKTPOCTATUKY AETEKTOPA.

- Humuaap dapajess npocT N0 KOHCTPYKIMHU U HE TPEOyeT
OXJIQXKIACHUSA, B TOM YHUCJIE, 10 KPUOT€HHBIX TEMIIEPATYD.
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(CxeMa CIeKTpoMeETpa
C HHTETPAJIbHBIM JCTCKTOPOM
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Br10op kabens
TpuakcuaneHbIl Ka0Oesb mukoammnepmerpa A2-4 MHUITA

Ha OCHOBE HuU3KomyMsiero kademns ABK-6.
ABK-6 ninu PK-50-2 ?
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NHTerpanbHbIi IETEKTOP
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Data point # = 0,63 sec
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CpaBHEHHE KPEMHUEBOTO U
MHTETPAIBHOIO JETEKTOPOB
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Hammm miaHbl

B 2025 roay npoBecTH OQHO- ABYXHEACIbHBIN CEAHC Ha
YCTAaHOBKE « TPOHIIK HIO-MACC» JIJISI MOJECITUPOBAHUSA
MPUMEHEHUS] HHTETPAIILHOTO MOAX0/1a K MIOUCKY CTEPHUIBHBIX
HEUTPHUHO B Auariazone macc 1o 10 k3B
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Back-up shides
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Kinematic experiment - basics
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“Troitsk v-mass’ - Founder

Peter Spivak Vladimir Lobashev
24.03.1911 - 30.03.1991 29.07.1934 — 3.08.2011
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The Founders showed us a way

we have followed for the last
40 years:

Spectrometer resolution and ik
Tritium source size

became decoupled by an s
9 (e
Electrostatic Spectrometer with F’ 1 f,;_: !-T‘-:':f i~

Adiabatic Magnetic Collimation
(MAC-E Filter)
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Electrostatic spectrometer with
adiabatic magnetic collimation

Operating principle

Charged particle in a slowly varying magnetic field moves adiabatically,
first adiabatic invariant is a ratio of perpendicular energy to magnetic field value:

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

In the transition into weaker magnetic
field velocity vectors are aligned along
the magnetic field direction
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Electrostatic spectrometer with adiabatic
magnetic collimation (MAC-E filter)
Fundamentals

Adiabaticity parameter &:

8=|gradB|rH<<l or e=— 18

B w, B
where ry, o, —radius and frequency of the Larmor precession

An adiabatic invariant 1s preserved exponentially:

The spectrometer resolution is independent from the trajectory radius
and curvature if adiabaticity parameter 1s small!
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Electrostatic spectrometer with
adiabatic magnetic collimation
Principle of operation

Isotropic
source

Banal ser
AE =l eU, | —2ab
B

pinch

Analyser 109 Transmission Function o ,,I '
plane o e =
High R
spectrometer resolution
does not depend
. 0.0+ —_— =0
On the Slze Of the Source 02 00 02 04 06 08 10 12

(E-eU,)/AE

V.M. Lobasev, P.E, Spivak Nucl. Instr. Meth. A240 (1985) 305
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YcranoBka «Tpoulk vV-mace»

CreTeMa be Termnpi
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PCIMpKY COJICHOM]I
/ TpaHCIOPTHBIN KaHaJ aHaJIm3aTopa
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YcraHoBKa « TpoOuIIK HIO-MACC

CHOekTpoMeTp
utiHa 6,5 M
auaMeTp aekTpoaa 1,2 m
pazpemieHue 3,7 3B
Huamerp ucrounuka 20 Mmm
tomumua 1- 1017 mos/cm?,

akTuBOCTh 0,3 GBk (8 mCi)

IlepBbie JaHHBIE
ony0sMKoBaHbI B 1994r:

Paper presented at XXVII Int. Conf. on High Energy Physirs ,
Glasgow, UK, 20-27 July 1994 o

3aBepuieH HaOopa aaHHbIX B 2003r:
V.M.Lobashev Nucl.Phys. A719 (2003) 153e

m, < 2.05 eV2 (95% C.L.)
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Karlsruhe Institute for technology
(former Forschungszentrum Karlsruhe)

Tritium laboratory with license for 40g of Tritium
(3,6%10'*Bq = 10 kCi)

Project KATRIN started at 2001

First Tritium in
the set-up - 2018
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KATRIN project

Main parameters

Total installation length 70 m

Spectrometer diameter 10 m

Inner source diameter 90 mm
Source column density 5-10'7 mol/cm?
@ Total source activity = 30 GBq (0,8 Ci)
Resolution AE =0.9 eV at 18 keV

Neutrino mass sensitivity

(after 3/5 years of data taking):
m, < 0.2 eV/c? (90%C.L.)
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