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Upper Bound of 0.28¢eV on the Neutrino Masses from the Largest Photometric Redshift Survey
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OpHako! Bo3MmoXKHO onpeaeneHmne Mmaccbl 3/IEKTPOHHOTO
HEUTPUHO NPAMbIM U3MEPEHNEM




«Tponuk Hro-

Macc»

...MMes B BUZY ... HENPepbIBHBIA 3-CNEKTP, A MPeANnPUHAI OTYaAHHYIO MOMbLITKY CNacTu «06MEHHYI CTaTUCTUKY » 1 3aKOH
COXpaHeHusa aHeprun. IMeHHO, UMEETCA BO3MOXXHOCTbL TOro, YTO B AApPax CyLeCTBYIOT 3/IEKTPUYECKN HENTPAaIbHbIE YacTuubl,
KoTopble A 6yAy Ha3biBaTb «HEMTPOHaMu» N KOTOpble 06s1a4al0T CrMHOM Yz... Macca «HernTpoHa» o nopAaaKy BeMYnHbl OSIXKHA
6bITb CPaBHUMONM C MacCcoy 3/1IEKTPOHa 1 BO BCAKOM criydae He 6osiee 0,01 macchl npoToHa. HenpepwiBHbINA B-CrIeKTp Torga cran

6b1 MOHATHBIM, €CJIN MPEANON0XNUTb, YTO NPy 3-pacnage BMECTe C 3/1eKTPOHOM UCIYCKAaeTCA eLUé U «HEeHNTPOH », Takum 06pasom,

4YTO CYMMa 3HEPTNA «HEUTPOHA» U 3NIEKTPOHA OCTAETCA MOCTOAHHOM.
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The 3-Spectrum of H?

G. C. HANNA AND B. PONTECORVO

Chalk River Laboratory, National Research Council of Canada,
Chalk River, Ontario, Canada

January 28, 1949
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F1G. 2. “Kurie™ plot of 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 included for comparison.
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A METHOD FOR MEASURING THE ELECTRON ANTINEUTRINO REST MASS

V.M. LOBASHEV
Institute for Nuclear Research of the Academy of Sciences of the USSR, Profsoyuznaya 7a, Moscow, USSR

P.E. SPIVAK
1.V. Kurchatov Institute of Atomic Energy, Ploshchad’ Kurchatova 46, Moscow 123182, USSR

Received 13 June 1984 and in revised form 6 May 1985

A method is proposed for measuring the tritium beta spectrum in order to determine the electron antineutrino rest mass. This
method includes an electrostatic integral spectrometer with adiabatic collimation. The use of a source in the form of atomic polarized
tritium in a strong magnetic field or of a gaseous molecular source is considered.

B 1984 roay 6bin npeasoXeH MeTos AN U3MEPEHUA CNEKTPA 3N1EKTPOHOB C

MOMOLLLbIO SNEKTPOCTATUYECKOTO CMNEKTPOMETPA C MAarHUTHOM aanabaTnyeckom
Konnmmaumen
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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?

anstitute for Nuclear Research of the Russian Academy of Sciences 60th October
Anniv. prospect 7a, 117312 Moscow, Russia

The updated results 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, < 2.05 eV/c? in Troitsk and m, < 2.2 eV/c?
in Mainz. Further improvement is limited 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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N3MepPEeHUin.

BepxHtoA rpaHmLa maccbl 3/IEKTPOHHOTO HEMTPUHO paBHon 1,1 3B/c2 (2019 r.)
Onsa poctnxkenma ueneson yyscteutesnibHocTn 0,2 3B/c2 Tpebyetca 1000 aHewn




TpuTueBblii 0€30KOHHBINA UCTOYHUK
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OCHOBHbIE Y3/1bl YCTAHOBKMU:
- 6@30KOHHbIN TPUTUEBBLIN UCTOYHUK
- 3/IEKTPOCTATUYECKUIN CNEKTPOMETP C MarHUTHOM
Konnmmaumen
- KpuoreHHoe obopygoBaHue
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Be30KOHHbIN TPUTUEBDBIN NCTOYHUK NpeaHa3Ha4YeH A1 Co34aHunS
ra3oBOM TPUTUEBOMN MULLEHU N TPAHCNOPTUPOBKU 3/IEKTPOHOB pacrnaja B
cnekTpomeTp. TpUTUN NoAaloT B LIEHTPAJIbHYIO YaCTb MCTOYHMKA U
OTKa4YMBalOT C TOPLOB, AOMNOJHUTENBHO YCTAHOB/IEHbI NOM/IOWatoWwme rasbi
KpuonaHesnu.

B coBOKYNHOCTU, KO3IDDULMEHT NOAABAEHNA TPUTUA N APYTUX Fa308
[10 BXO/Za B cneKkTpomeTp He xyxke 1010, Mpun aTom He co3paeTca NpensaTcTBUin

ANsi nonagaHua 3N1eKTPOHOB B CMEKTPOMETP.
12
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1 - onopbl CNEKTPOMETPA, 2 - BXOAHAaA U BbIXOAHasA Yallku, 3 - Tennble akcuanbHble 06MOTKW, 4 - OCHOBHOM
BbICOKOBO/NbTHbIM aneKTpoa, 5 - anekTpoabl Nof HyNeBbiM NOTeHUManoMm, 6 - cucrtema AeTekTopa ¢
oxXnaxpaeHuem XuUoKuUM a3oToM, 7 - Habop CBepPXNPOBOASALLNX MarHUTOB.

Obuwana annHa cnekTpomeTpa O0Ko/10 10 meTpoB 1 BHYTPEHHUM
cBoboAHbIN 06bemom nNpubaunsntenoHo 40 m3
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Llenb paboTbl

B pe3ynbrate cboqa B paboTe BakyymHOro obopyaoBaHus
CMEKTPOMETP YCTAHOBKM Bbln 3arpAsHeH Tputuem. PoHOBbLIN cYET Ha
OCHOBHOM J1€TEKTOPE 3/1EKTPOHOB, PACMNO/IOXKEHHOM B KOHEYHOM YacTH
crnekTpomeTpa, Bo3poc B 100 pa3 OTHOCUTENbHO NpeablAyLWMX 3HAYEHUN U
coctasun 6onee 18 000 umn/c

Llenbto HacToAwen paboTbl Obina AeTpuTU3auma CneKTpomeTpa u
APYrnX y3/10B YCTaHOBKKU «TponuK Hio-mace»

OrpaHuyeHus:
AaBNeHUe B cnekTpomeTpe — He bonee 2 mbap;
TemnepaTtypa nporpesa BHewHero Kkopnyca He 6onee 110 °C;

HEBO3MOXHO NCMNO/Ib30BaTb aMMUAK U ApPYyTrnue peareHTbl.

14



Npoueaypa

AETPUTU3aLNN

Dok. sarbops/
\
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Zdpopde F2N8D: B=207pew

Ona neTputmsaumm NnpUMeHAAN MeToabl BAKYYMHOM 3KCTPaKLUUW,
NPOMbIBKM BOAOPOAOM, MPOMbIBKU BOAAHbIM NAapPOM.
KoHTpoAb X043 AeTPUTM3aLMn OCYLLLECTBAANAN n3MepeHnem PpoHa

OCHOBHOTIO AeTeKTopa CrnekTpomeTpa n nasmepeHmnem aKtTuBHOCTU

cobpaHHO TPUTUPOBAHHOI BOAbI 15



BbiBepgeHHan

BblAEpP>KK | Nporpesa | AeTEeKTOp | aKTUBHOCTbD, PeareHTbl

H,, 10-2 mbap,

n 30 ) 18 ) HauanbHblii GOH.

30 80 14 1840 20 mn H,0 + H,

2 8 28 6.0 231 60 ma H,0 + H,

E} 8 72 3.95 137 20 mn H,0 + H,

Pe3y/IbTaTHl 4 24 2.76 32 20 mn H,0

NeTPNTM3aLMN B s 24 2.44 22 20 mA1 (97%H,0 + 3%H,0,)

0 87 2.11 31 20 ma H,0 + H,

3 12 2.05 8 20 mn (90%H,0 + 3%H-0,)

B 6 48 1.9 29 20 mn H,0 + D,

n > - 1.86 - OcTaTo4HbIN POH

[Mpn nepBon NPOMbIBKE BOAAHbIM NAaPOM 3HAUYUTE/IbHO CHM3MACA GOH
KPEMHMEBOrO AEeTEKTOPA CNeKTpomeTpa. B ganbHenwem 3dPeKTMBHOCTb NPOMbIBOK
CHM3MNACb. YpoBeHb poHA PpaKTUYeCKN cTabmnamsnpoBanca, a KoanM4ecTso BbiBEAEHHOM

dKTUBHOCTWN 3HA4YNTE/IbHO CHU3UN/TOCb, HA4YNHAA C I'Ip06bl 5.
16



Pe3ynbTaThl

NeTpnuTM3aumm

®oH pgetekTopa, 103 umn/c
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HayanbHOe KonnM4ecTBo TpUTMA B cnekTpomeTpe bbino oueHeHo B (5,15 £ 0,9,) IBK
OcTtaTtouyHoe Konundectso Tputna — (0,4, + 0,07;) IBK,

YTO COOTBETCTBYET NOBEPXHOCTHOM aKTMBHOCTM — (250  47) BK/cm? .



BakyymHasa aKcTpaKuma. He npuHecna 3Haummoro pesynbrata. OTKayKa
CNEeKTPOMETPa N noaaeprKaHue Bakyyma Ha ypoBHe 1x10~> mbap He npuseno

K CHUXXeHuo poHa aeTeKTopa.

MpombiBKkK Bogopoaom. CteneHb pazbasneHna HavyaibHOW aTmocdepbl
BHYTPU CNEKTPOMETPa cocTaBmia He meHee 6000 pa3. PoH geTeKTopa

YMEHbLWICA TONbKO Ha ~ 20% . MeToa, HU3Ko apPpeKkTuseH

SPPEeKTMBHOCTb

MpombiBKU BOAHbIM NApOM. B pe3ynbtaTte nepBon NPOMbIBKU BbiBEAEHO
MeTo0B

79% TpnTHKA, cobpaHHOro B Buae Boapl, U 45% ot obuiero koanyecTsa TPUTUA
COrnacHoO NpuBeAeHHOMN Bbillie oUeHKe. bharogapa npombiBKam BoAAHbIM
napom 6bino yganeHo ~ 70% Tputua (N0 NnoKaszaHUAM KPEMHMEBOTO

NEeTEKTOPA), YTO rOBOPUT O BbICOKOM 3P PEKTUBHOCTU MeToaa.

MexaHn3m: U30TOMHbIN 0ObMeH nnm paszbasneHne?
19




CyLLEeCTBYOLLNM

onbIT

[lasneHune B ycTaHOBKe, bap

1,00 €) CATS
0,01
This work
JT-60
0,00
1,E-03 1,E+00 1,E+03 1,E+06

AKTUBHOCTb TpuUTKA, [bK

YcTaHoBKa « Tponuk Ho-macc» 3aHMMaeT NPOMeEXKYTOYHOE NON0XKeHne
MeXAy ABYMA rpyrnnamm sKCNepmmeHTOB No AeTPpUTU3aLmnm
obopyanoBaHus
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; Detritiation sys. -_| Systems
GB o> .
Negative press.) |Conventional |
K control j Detritiation Sys. A
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Figure 1 Conceptual layout of CATS in TPL/JAEA Figure 2 Schematic drawing of CATS

e B 60KC HanycKanu 2,6 NbK Tputnua B moneKkynapHomn ¢opme nam ¢ npumecobto 3%
TPUTNEBOM BOAbI. B KauecTBe rasa BbITECHUTENA UCNOJIb30BaAM CyXOM a30T

* TpuTWI BblaepP*KMBaNU B HOKCe OT HECKOJIbKMX YAaCOB A0 HECKO/IbKUX AHEN

* 3aTem TPUTUI yaanaan nytem BeHTUNAUuM bokca npu notoke Bosayxa 50 m3/yac ¢
KOHTPO/IMPYEMOM BNIAXKHOCTbHO

* W3 BEHTMAALUM BO34YX NONaAaN B CUCTEMY OYMCTKM Ha OCHOBE KaTa/IMTUYECKOrO
peakTopa OKUCNEHUA TPUTUA U aacopbepa (MonekynsapHbie cMTa) ANA yNaBAMBaAHUA
TPUTMPOBAHHOM BOAbI

[1] K. Kobayashi, T. Hayashi, Y. Iwai, and M. Nishi, “Results of experimental study on detritiation of

atmosphere in large space,” Fusion Eng. Des., vol. 58-59, pp. 1059-1064, 2001. 21
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dw. F dW. F W 3 0.53
drl 7 dtj= B W-’T/_ka"' TR .Z G| +kay
Z =

: 7

e
T 1000
E —— TM-0 1000 | .
S . & Water v .
o ™-1 ater vapor was
g 100 £ added continuously
o —o— TM-2 g 100 about 450ppm.
§ 10 o— TM-3 = i

o
g —e— Th-4 g " |~ TM3
g s s - TM-6
o T™-6 g
= -= GM
g 01 o GM :
2 Ideal trace g - ‘,‘ Ty ~— |deal trace
E 0.01 i I : el ' 13 ‘= ‘.’ /5\ HTO
’ 0 50 100 150 * HTO(Bubbler) & GM meaf
0.1 =

Elapsed time [ min ] 0 200 400

Elapsed time [min|
Fig. 2. Typical tritium removal behavior in the dry air atmo-
sphere (humidity: 12 ppm) by 50 m*/h of detritiation. Fig. 5 Tritium removal behavior in the dry air atmosphere
(humidity:27 ppm) by 50 m’/h of the detritiation system.
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Fig. 3. Tritium removal behavior in the dry air atmosphere

Fig. 2. Typical intnmyremoval behaviorin: the oy aic-gimp (humidity: 10 ppm) by 50 m*/h of detritiation (residence time:

sphere (humidity: 12 ppm) by 50 m?/h of detritiation.

1 week).
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Fig. 4. Tritium removal behavior in the dry air atmosphere . .. — —
(humidity: 1 ppm) by 50 m’/h of detritiation (HTO in the Fig. 5 .Trmum removal behavngr in the h'u.ml'd air atmos.phere:
released tritium: 0.4—1.0%). (humidity: 582 ppm) by 50 m“/h of detritiation (HTO in the

released tritium: 3.0%).
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BblaeprKKa B BO3yXe KOHTPOIMPYEMOM BNaXKHOCTU
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Fig. 3. Dependence of released tritium on water vapor
concentration in vacuum vessel

[NpoayBKy ocyuwectenanu H,, He n Ar npn noctoaHHom gasseHuun 0.05, 0.1 or 0.3 la
npu Temnepatypax 293, 423 n 523 K.

Mpu ncnonb3oBaHnu He n Ar yBesinyeHne KOHUEHTPaLUK TpUTUA Bbl10 CONOCTaBMMBbIM.
ABTOpPbI YKa3bIBAOT Ha TO, YTO U30TOMNHbIN 06MmeH ¢ H, He apdeKTneeH ana yaanenuma T,.
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BblaeprKKa B BO3yXe KOHTPOIMPYEMOM BNaXKHOCTU
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* [lpoBegeHa AeTpUTU3ALMA CNEKTPOMETPA U NpecneKkTpomeTpa
YCTaHOBKM «Tpounuk HroMacc».

* OueHeHo Konunyectso Tputna (5,15 £ 0,9,) F'BK. OcTaTouHOE
cogep)KaHue TpuTuA B cnektpometpe - (0,4, = 0,07:) I'Bk.

BoiBOAbI

OueHeHa 3pPEeKTUBHOCTb AETPUTU3ALMN PA3TNYHBIMU
METOAaMM.

OnuncaH Hanbonee BEPOATHbLIN MEXaHU3M AETPUTU3ALUN
CreKTpomeTpa.
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3aKa4YeHmne

Ona obecneyeHna paboTocnocobHOCTU CNEKTPOMETPA B
CNOXUBLLENCA CUTYALLMWN C OCTAaTOYHbIM TPUTUEM ObINO
pPeLweHo YBE/IMYNTb MarHUTHOE NOJIE B LiEHTpe
CneKTpomeTpa C NOMOLLbIO AONONIHUTENbHOW COIEHOUAHOMN
0OMOTKM NoBEpPX KOpnyca CNeKTPOMETPa.

B pe3ynbTtate 6b11 NoAy4YeH NONOXKUTENbHbIE PE3YNbTAT:
nocae NpoBeAeHHOM OYNUCTKM N BKAOYEHUEM
NONO/IHUTENbHOTO Nond, obwmit PoH AeTEKTOPA YCTAHOBKU C
OTKPbITbIM ra30BbIM TPUTUEBbLIM MCTOYHUKOM (be3
HAMoOJIHEHMNA TPUTUEM) OKa3ascA B 3-4 pa3a 6bonblue, yem
paHee, HO Ha NpUMeMIeMOM AN USMEPEHUN YPOBHE.
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