[TpAMOUn Nonck KaB-HbIX CTEPUNBHBLIX
HEUTPUHO Ha YCTAaHOBKE « [pOULIK
HIO-Macc». TeKyLnmn ctaTyc.

B.C. ITantyeB, OOO®



'_
IlepBoHavanbHas (paza M3MEPEHUS MACChI
3IEKTPOHHOTO aHTI/IHGI/ITpI/IHO 3aKOHYCHA

TE" ’ ‘ Citation: J. Beringer et al. (Particle Data Group), PR D86, 010001 (2012) and 2013 partial update for the 2014 edition (URL: http://pdg.Ibl.gov)

Neutrino Properties

A REVIEW GOES HERE - Check our WWW List of Reviews

7 MASS (electron based)

Those limits given below are for the square root of m 2(eff) _

= 5 [Ueil?
m2 .

<. Limits that come from the kinematics of 3H,3 U decay are the
[l

square roots of the limits for rr:li 2e ] Obtained from the measurements
reported in the Listings for 'm Mass Squared,” below.

VALUE (V) CL% DOCUMENT 1D TECN COMMENT
< 2 OUR EVALUATION
< 2.05 95 1 ASEEV 11 SPEC 3H 8 decay
< 23 95 < KRAUS 05 SPEC =H 3 decay
B.M. Jlo6areB

Particle Data Group
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[Touemy CTEpHUIbHBIC HEUTPUHO?
Pacummpenune CtaHaapTHOM MOJICIIH

Standard Model Extension with vg
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Key question - mass of vp
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Consider Standard Model with minimal extention to include right
handed neutrinos N;, j =1,2,3

After that we can explain:

@ Dark matter, if M1 = keV
Dodelson & Widrow (94)

@ Dark matter and Baryon asymmetry, if
My 2 keV and Mo, M3 ~ GeV
Akhmedov, Rubakov & Smirnov (98)
Asaka & Shaposhnikov (05)

@ Laboratory
e M; < 100 eV: oscillation experiments -~ BEST

o 10 eV < M; < MeV: radioactive decay - Troltsk nu-mass
o MeV < M; < GeV: leptonic decays of mesons

o MeV < M; < 100 GeV: decays of sterile neutrino in
"heam-dump"experiments.

@ Astrophysical and cosmological



MoTtuBupoBaHUe 13
Kocmonoruu

dark matter 27% | N "

dark energy 68%
\ , , |

XoJIo/iHAas, TEIIasl UIK ropsyas?

Heavy particles 1-10 keV particles
Simulations favor Warm Dark Matter




Kak nckarp?
CABUHYTBHCS 1aJIEKO BJIEBO B B-cniekTpe

I e Hpomeputs B-criekrp
B IIIIPOKOM
NHara3oHe, o
KpanHEW MEPE B
naTepBanel3-19 keV

- - - - Light neutrinos
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CHOeKkTp MOXXKHO pa3IeITh Ha IBE KOMIIOHEHTHI ¢ M=0
U ¢ M, B HECKOJIBKO KOB

S(E) = U%,S(E,m,) + (1 - U%,)S(E,0)




B niepByro ouepeap Mbl 00padoTaId N0 HOBOMY
CTapbI€ JAHHBIC:
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Kaprunka u3z White paper for keV sterile neutrino
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Kak BBIMISIAUT yCTAaHOBKA ceryac?

Crapbliii 0€30KOHHBIN Ta30BbIM HoBre1 ciekTpomMeTp
HUCTOYHHK
He -
OXKMKUTEIb
] \'ﬂl
=0 B |LiNDE
N =l
/\J TFC-50

OyHkMs nponyckanus 1.5 3B,

+ MOJAEepHU3AIINA OTACIIbHBIX
AP H A Pazpemenue +/- 0.3 5B

JJICMCHTOB

See also Lett. of Intent, arxiv:1504.00544  JINST 10 (2015) no.10, T10005
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JIbSIBONI B AeTANISIX — CUCTEMAaTH4EeCKUE d(P(EKTHI

OCHOBHBIE:
m D eKT MarHUTHON MPOOKH JJIsl SIEKTPOHOB B HICTOUHUKE
m HecTaOuabHOCTH B HCTOUHUKE

m OOpaTHOE pacCessHUE AIEKTPOHOB HA JIETEKTOPE U
MOCJIEIYIONIEE OTPAKECHUE HA MATHUTHOM 1
AIEKTPOCTATUYECKOM 3€pKaiax

m OleHKa NOAIIOPOroBbIX COOBITUIM MPH PETUCTPALNU

Kak pemiars? KanuOpoBku, MoJiepHU3aIUs 2JI€MEHTOB
YCTaHOBKU, U3MEPEHUS C DIEKTPOHHOU ITYIIKOU,
MOJICJTUPOBAHUE




"
Field configuration in tritium source forms
a bottle — magnetic Trap

-1 -10 -9 -8 -7 6 -5

Trapped electrons can run back and forth up to
thousand times passing few kilometers

10
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Problem with electron scattering from detector In
MAC-E filter like our spectrometer

Up to 20% electrons scatter
back from Si-detector.
CASINO simulation

NIM A832 (2016) 15
arxiv:1511.06129

It changes transmission function and induces non-trivial time correlations

Electrostatic mirror

Magnetictic mirror

11
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Systematic limits on matrix element with
the current setup

2
e4

Error for U
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" |Statistical error:

Systematical errors:

—-— HV instability

30 days of data aquisition

— — scattering in residual gas
- - - - detector dead time

;\,:——_-
~.
-

0.2

m Statistics for about 30 days
of measurement including
trapping error

m Energy loss in the source
(current precision)

m—olecioprconc oo nnd
| inty (i
Looracopoodod,

m HV instability (current
precision)



Pe3ynbTarsl 110 4aCcTH JJaHHBIX ObLIM OIyOMKoBaHbI B 2017 rony.
JlaHHbIe 00pabaTHIBAKOTCS.

1 ' ] b |
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Troitsk 2013
Troitsk 2017
103 k =
Fe s sl M 3 g aaaal 'ERRt | ]
0.01 0.1 1
my4 [keV]

JETP Lett. 105 (2017) no.12, 753-757.

arXiv:1703.10779
Bouuto B myummue J{loctrkenus PAH

PDG yoice 3anpocunu
MU OaHHbIE
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J[71s1 pa3BUTHS YCTAHOBKH U JJIs PEIICHUSA
HEKOTOPBIX CYIIECTBYIOIIMUX TPOOJIEM OBLIO
ApByzit 3aKII04eHO ComnanieHue 0 COTPYIHUYECTBE MEKTY
o ¢ rpymmol TRISTAN (Mronxen) B coctabe KATRIN n
«TpoHIIK HIO-MaCC

[TyHKTBI COTpYyIHUUYECTBA:

m  Tpowulk npenocTaBiIsieT UMErIeecs 000PyI0BAaHUE U UCTOYHUKHU
AJIIEKTPOHOB (ITyILIKA, TPUTUH, S3JIEKTPOHBI CO CTEHOK) JIJISI TECTOBBIX
UCIIBITAHUN HOBOTO THIA Si JCTEKTOpA SIEKTPOHOB

m  MioHXEHCKas rpyImna 0epeT Ha ce0sl BCce 3aTparhbl Ha pa3padoTKy U
U3rotoBiieHue 166-kaHapHOro Sl AeTekropa (MIOHXEH), a TaKKe
peructpupytoiiei anekrponuku (Munan), croumocts 6osiee 100 kEUro

m  MbI OpOBOAUM COBMECTHBIE (PU3NUECKUE U3MEPEHUSI C HOBBIM JETEKTOPOM
B Tpouiike

m [lo 3aBepurenuto ocHoBHoM nporpamMbl KATRIN nepekntouaemcs Ha
IIOUCK CTEPUIIBLHBIX HEUTPUHO B ['epmanun ¢ nerekropom 3000 kanamon

14



TRISTAN Detector R&D

Silicon drift detector design

Novelty: extremely thin entrance window (< 100 nm)

Final system: ~4000 pixels (21 x 166 pixel modules)

Prototype: 7 pixel

n+ anode

[ field strips

5 path of
n- silicon "bee..e_l?;_t.r_ohns

p+ back contact

UYpesBbluakiHO MaJiasgt EMKOCTh, YPOBEHbB JIECATKOB
dbemTo-apan

UpesBbualilHO HU3KUH YpOBEHb ymMoB — FWHM
nopsjaka 150 »B

YuciieHHBIN TpaneneuIaabHbIi METOM I10/IaBJICHUS
IIyMOB

KoHTponupyeMoe «okuBoe» BpeMsi Habopa

_O- s

.70‘ . s b
A FTRY FIXY XN s

X
l

Fe-55 line 139 eV
(FWHM) @ 5.9 keV

55

7 7.5
Energy (keV)
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IlepBbie u3mepenus B Tpoulke 7-IMKCEIIbHOTO JETEKTOpa
B 2017 rony

107"

E T T T T ‘ T T T T
" |[IE-Gun, 19 kv

—
o
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B 2017 rony npoBenieHo 2
ceaH”ca.

normalized counts
=
o

B Hacrtognimyi MOMEHT Ha4dart
HOBBIU MOJHOLICHHBIN CeaHc, 9-
S 277 anipens, TAe AJs U3MEPEHUS
: | CIIEKTpa TPUTHUS OyJeT
HCIIOJIb30BaH /-IIUKCEJIbHBIN
IETEKTOP U3 2 MM
reKcaroHaJbHEIX oOiacTen
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OrHaHCUPOBaHUE U KaaApHI - 1

m ['panTel PODU no nporpammam ogpu _m 2012-2013, 2014-2016 u nio
WHULIMATUBHBIM IpoekTaM (_a) ¢ 2011 mo 2018

m [lo nuaun nporpamm IIpesunnyma PAH exeronno oxomno 1.1-1.2 mun
(4rcTBIMHM) B TOJ (ITOJIOBHMHA Ha 3apIljiaThl — BCe PABHO KPOXH)

m JIBaxnapl PHO rpanTsl HE nony4yuiu
m [lonmana 3asBka Ha 2019 rox no nuuuu DFG (I'epmanus) — PHO

m TpeOyerca prHAHCHPOBAHUE HA TEXHUYECKOE OOCITYKUBAHHUE IO CPOKAM JIJIs
KPHO-CUCTEMBI: Macia, GUIbTphI, a0copoepsrl U mpod. OneHodno Hago 20k
€BpO

CocraB rpynnbl: 6 Hay4yHbIX pa0OTHUKOB, 3 MHXKEHEpa, 1 TEXHUK, | aciupaHT
m Karactpoduueckn Mano KpHOT€HHBIX CIEIUAIIMCTOB — 5 YEIIOBEK (CpeaHuii
BO3pacT 68) €1Ba NEPEKPHIBAIOT 24-4aCOBBIE JIC)KYPCTBA

m /[71g pa3BuTHSA HEe XBaTaeT MO KpaitHeM Mepe ABYX aCIUPAHTOB — UIIM HAJO
«3aMaHUBaThy KUJIbEM, WM 3apIiiiarod He MeHee 40 ThIc. py0., YTOOBI ObLIa

BO3MOXKHOCTbh CHUMATh KWJILE B TpOUIIKE 17
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druHaHCUPOBAHUE U KAAPHI - 2

m [I[nanupyercs nognucanue cormameHus ¢ MOTH o Bxojie B kotadopaiuro
TRISTAN-Troitsk, 4To MOXeT 4aCTUYHO PEIIUTH IIPOOJIEMBI C KaJIpaMH.

HO:

m  Bce paBHO HYXXHO KWJIbE€ W/WJIM ACHBIH JJIs1 TOTO, YTOOBI JIFOAU pabOTaIN B
Tpowurike.

B MO®OTHU HE rOTOBUT KPUOTEHHBIX CIIEIUAIUCTOB.

18



TRISTAN In Troitsk

19
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U3mepenus HavyarThbl. [Ipumep Kak BuIIAAAT
Pa3sHOCTHBIN CHEKTP B 3aBUCHMOCTH OT U,
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Recent precision measurements at Troitsk in a wider energy

interval
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Comparison of errors for heavy neutrinos
between Troitsk and Mainz experiments
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Comparison of errors for heavy
Mutrino mass obtained by the
analysis, black symbols connected
by solid Iinesé and approximate
estimation ¢(U%,) = 2.53/m% based
on the result for the electron
antineutrino mass

red dashed line.

The blue dotted line corresponds to
the estimation o(U2,) = 3.04/m2 for
the total error from

Solid black -Troitsk 2013: A.Belesev et al., J. Phys. G41 (2014)015001
Solid blue - Mainz 2013: C. Kraus et al., Eur. Phys. J C73 (2013) 2323
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KATRIN. Bce ycranosieno, mporectupoBano. I1epBbii
TpuTHU B cepeaune Masa 2018 na 10 gnen. B

nocieayrmeM, 60-Tu THEBHBIE CEAHCHI U3MEPEHUN

Tritium source  Transport section = Pre spectrometer = Spectrometer = Detector
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