CTepuibHble HEUTPUHO
npu perncTpaumm pacnagos TPUTUS
B NPONOPLMOHANBbHOM CHETHUKE:
CUCTEMATUKA M Npeaen Ha Npumech



[1haH AOKNaaa

-CTEPUNbHbIE HEUTPUHO

-U3/IOM B CMEKTPE 3/IeKTPOHOB TPUTUA
-3KCNepPUMEHTbI C TPUTUEM B NPOMCYETUMKE
-HOBbIN noaxon: ctatuctuka 1012 cobbiTuin

-MOAENbHbLIM OTKIMK NPOMNCYeTUYMKa,
cnMcTtemaTmyeckme pakTopbl

- OLLeHKa CUCTEMATMYECKOro BO3aencTBuS
-npeaen Ha NPMmMech



CTepuibHble HEUTPUHO

-OCUMNNALNN HENTPUHO — MACCUBHOCTb

- NpaBble MaccuBHble (CTepUbHbIE)
HEUTPUHO

-BbIX0/ 33 pamMKn CM — HeT yKa3aHuM Ha
YMCNIEHHbIE 3HAYEeHMA MacChl

-LSND, MiniBooNE — nerkue (~ 1 3B)
-anana3oH 1-10 kaB — TemHaa matepus



[Mpumechb CTepUNbHbIX Ng B cNeKkTpe B-pacnaga
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NCKaXXeHune cneKTpa 3/1eKTPOHOB
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M, = 3k3B, U?=0.1
LiBeTa:
JINNOBbIN — YNCTbIN CNEKTP 6e3 NpUMecH; CUHMIM — YNCTbIN cnekTp 6e3 npumecu
(x0.9); KpacHbIN — yncTasa npumecs (X0.1); YepHbI — CMeLaHHbIN CNEKTP
B cooTHoweHun 0.9+0.1
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Pa3HOCTHbIN CNEKTP

M,= 3 k3B, U?=0.1

1o Pa3zHOCTHBIN cIEKTp

10 .

NcKaxkeHune BO BCeM
8 . Anana3oHe — MOXKHO
MCNO/1Ib30BaTb

NPONOPLUOHANBHbBIN
o . cyetymk c R~10-15%

Tputnn — B pabouen

" cmecun — pUuKempyeTca
: BCA BblAe/ieHHanA
3HEPrmna sNEeKTPOHa
0 2 3 6 s | ‘ '

2 1 1
* 10 12 14 16 18
DHeprust 31ekTpoHoB E, k3B

Mepa curHana — |l g=mHterpan pasHoctun ot 10 no 18 k3B



AMNANUTYAQ CUTHANA

NHTepBan putuposBaHua 4-10 k3B
NHTepBan oueHKM CMrHana 10-18 k3B
[lons NoNHOro cneKkTpa Ha MHTEPBANE OLEHKU ~60%

M, k3B 1 2 4 6 8

CurHan |y B gonax 2.7 11 44 100 170

OT NOJTHOTO CNeKTpa
eanHuLbl 10-3*U2

Npumep pacyeta curHana ana M =1ksB, U?=103u N =10%?
|g=2.7*10-3%10-3%1012=2. 7%106 oTcueTos
HeonpeaeneHHocTb 3-curma: 3*sqrt(0.3*1012)=1.8*10° oTcueTos

CUrHaN MmeHblle HeonpeaeneHHOCTU --- MPUHMMaEM 3a npeaen
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The two counters I and IT described in Ref.2 were used. The fillings are given in e 17 % e o2l
Table 1. Energy, kev
Table 1. Counter fillings used Fig.l. The spectrum of 34 in the region of
) the end point
Gases Counter | Counter 11
Xenon 50 cm Hg 26 cm Hg
Argon — | 14 cm Hg
Methane 10 cm Hg 10 cm Hg \
Hydrogen ~ 1 em Hg ~ 0.2 cm Hg 3601
3 ~ 7,000 counts/min ~ 30,000 counts/min Gaumsian
H , ; 30, ! 320k digirihuliml
War — ~ 6,000 counts/min . I main peak
- TR Lo
T - £ 240
Both counters were operated at gas multiplication factors of several thousand. i
The absolute energy scale was obtained by firing into the counter a beam of MoK —X- 2 200
rays (17.4 keV) from a crystal spectrometer. In counter I this beam was parallel to the é 160}
counter wire, in II perpendicular to it. The assumption that these energy calibrations S 120
were representative of the properties of the counter as a whole was checked directly -
for counter 11 by measuring the Mo Ku/?'TAr pulse size ratio**, and is inferred for 80
counter [ from the agreement between the end point energy determinations in the two 40f

counters. ! : J i 1 L
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Fig.6. Gaussian distribution of the */Ar K
capture peak

Mpenen Ha maccy HenTpuHo ~1 KaB
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, o L CyeTyunK:
Experimental limits on heavy neutrinos in tritium beta decay

_ HepX.cTanb 1Im x anam. 20 cm
George R. Kalbfleisch and Moustafa Y. Bahran

Deparimeni of Physics and Astronamy, University of Okiahoma, Norman, OK 71019, USA
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Cmecb: Ar+10%CH,, 0.4 atm

A search for a 17 keV neutrino kink in tritium beta decay has been made on a new sample of 430 million decays per keV at C n p “u Mec b I-O Tp UTnA
electron kinetic energies near 1.5 keV. The new sample contains 40% less wall background than our earlier one. This significantiv
reduces the wall background systematics. No 17 keV neutrino sipnal was observed. The 99% confidence level upper limit oblained
for the mixing probability is 0.28%. The combined upper limit from both samples is 0.24% (99% CL). In addition, limits less
than 0.5% (99% CL) are obtained {or other heavy neutrino mass values between 13,5 and 17.5 keV.
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Fig. 3. a) The residual spectrum D(E)— F(£) (solid points with ¢rrots) for the data of Fig. 2. Also shown is the expected shape of a 0.84%
heavy neulrino smeared signal before (dashed histogram) and after (shaded histogram) it undergoes the same functional smooth fit as the
data. b) The residual spectrum D(E)— F(E) (open points with errors) for our data shifted by one half bin (0.14 keV). For both (a) and (b),

the errors bars are for display purposes only and are uncorrelated-diagonal errors “equivalent’ to the 68% C.L. “correlated” one standard
deviation Monte Carlo probabilities.
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Fig. 1. The summed data samples, with environmental back-
ground (BG) subtracted versus electron kinetic energy (KE). The
raw tritium data (D) and the subtracted pure tritium gas spec-
trum (T) obtained by subtracting the scaled wall spectrum (W).
The dashed line divides W into distorted wall and gas contribu-
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#  We believe that it would be constructive for experimental pa-
pers to fold their systematic errors point by point in data
analysis.
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Fig. 2. An example of a fully pumped (no residual tritium gas)
adsorbed wall specirum (points with errors ) compared to a Monte
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IJNEKTPOHHKA
N PAIJMOTEXHUKA

METOd UBMEPEHUS BOJIBITNX CKOPOCTEN CUETA AETEKTOPOB
MOHU3HUPYIOIWETO U3JIYYEHUA C BLICOKOH TOYHOCTLIO

© 2006 r. [O. H. Agnypammror, B. H. Tarpun, B. B, I'opboauer, T. B. Méparnmora,
AL B. Kanuxoe, A. A. Illnxun, B. 3. fun
Hucmumyin gRdepHbx yecaedosaruii PAT
Poccus, 117312, Mockaa, npocn. 60-aemusn Oxmstdps, 7a
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Ha ApHMCpe l‘I.’i\-“IC])CHHﬁ CROPOCTH CTICTL pacnaIor 3?,"3\1“ B NPOTOPUHOHANMEHRIX CTICTIHREAX ONHCHHE MeTON

H3MepenHs ckopocTedt cueTa TeTekTopos go 10° ¢! ¢ TounoeTnio Tyume 1% ¢ HemoIL30BAIHEM MHppO-
Boro ocuMopadga.

BBEIEHHWE [NPUMEHEHWE HH®POBOI'C
Ipy pemmeHny MHOTHX 3a7a™ TIepe] HCCIeTOBATE - OCLILTOTPARA
MH BCTAeT IpoGreMa TOUHOTO U3MepeHHs! BEICOKHX CKO- Hamu paspaforad MeToi H3MEPeHHS CKOPOCTeR

POCTCH CICTa JCTCKTOPOB, DTO KacacTed 3KCICPHMCH- — ¢yeTa NeTeKTopos g0 10% ¢t (M Bblie) ¢ uClb308a-
TOB B 000acTi (PU3MKH KOCMHYECKIX JIYYed, a Takke Pi-  Huem nupposoro ocupanorpaga, Ocnunnorpad Ha-

KBapueBbI LenbHOMNAAHbIN CHETYUK
+

umdposBom ocumnnorpad

CropocTb cyeta: ao 108 My, ctatnctuka 1012 co6. 3a 1 mec nsmepeHmit



2IAr B cyeTumnke, ckopoctb 10° Iy,
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Pue. 1. 9 — npuMep nOCASAOBATEILICCTH HMOYILCOB, PETHCTPUPYEMLIX JMBPOBRLIM ocuiiiorpadom; § — coOTBeTCTBYIOWAN
NOCIeNoEATeNbHOCTE THMpe pe HIEPOBAHHBIX HMIVIBCOE. [T HATMATHOCTH Kalp orpaHidel 2048 ppeMeHHBIMH KaHaTaMH;
OJIHH KAHAN COOTBETCTBYET BPeMeHHOMY HHTepsany 10 e,

akTurioctiio 0.4 MKy [4-6]. PazpaGoTka npefcTas-  OWIIPHYECKHE TTPOTIOPUHONANLITLHIE CHETYHKH 00T.e-

JICHHOTO B TAHHOH paboTe McTola 6buIa o8ycnosnc- Mo 10 om?. CUCTUYHKH TAKOro THIA OMHCAHEI B Pa-
Ha TpeGORaHHEM OTPEEIeHAs] aKTHRHOCTH HeTo'-  GoTe [9]. KaTonoM B HAX CTYRHT TOHKAS YIIIE poAHasd

HenpepblBHaA 3aN1Cb CUrHA/I0B AaEeT CKOPOCTb CYeTa



2IAr B cyeTumnke, ckopoctb 10° Iy,

METO/T U3MEPEHUS BOJBITUX CKOPOCTER CURETA JETEKTOPOR 3
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Puc, 2. Cnexip uyMuyiecos OT pacnana FArs IPOUHOPUHOHANBHOM caeT4HKe. kana aMunuTy) OrpaHHueHa Pa3pe lUeHUEM
ocnuanorpadea 256 kananoe. [1py ToM 1To K-IIEK HAXOOATCA MGAHCCTLIO B IIpedeIax THATIA30HA H3MEPEHHI, MACTE IMITYIIb-
COB L-1IHKA HE PErHCTPUPYETCH H3-30 BEEUEHHA 1OPOUA, NOJABIAKILETO WyMbl. B 1pasoi 4acn pHCYHKA {HA KPAKy LWKAbI)
EBHIHEL HM_[I'\"Jlebl < ‘d_\-fl.ll.lll'i'l'}’;J.OkuL BhELLIE Bepxueﬁ l’p{'ll'lllLl,hl JAHAIABOH kl.'il\rll:‘pl:‘l{_ﬂﬁ, COO'J.‘BS'J.‘C’I‘H}’K)LLLHS HATOME HHHM COORITHHA
Tana K + K.

AMAUTYOHbIN CAEKTP:
MoanoxKa B cnekTpe ~1%
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Pacnipenenenne ammmatyn dn/dE, 0.1 k3B.i
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Moaenb NoAN0XKN U HANOKEHUN

CTeHOuYHbIN 1 KpaeBon 3dpdeKTbl B NponcHeTYnKe GOPMMPYIOT NOAJI0XKKY B CMEKTpE

OTKIMK CYETYHKA HA DJIEKTPOHBI 5 U 15 k3B
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2 TMHUN B CNEKTpeE:
51 15 KaB

PaspeweHune Ha 5.9 K3B:
R=16%

KoadppurumeHT noanoxKku:
D=0.01

lona HepasnnynmbIx

C/Iy4aNHbIX COBNaAeHUN.
C=0.001



Yucao orcueroB HA 0.1 k3B
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MOI[CHBHBIﬁ OTKJ/IMK CHCTYHKA Ha pacCiiaabl TPUTHUA
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PaspeweHune 16%, nognoskka B cnektpe 1%, HanoxkeHmnsa 0.1%



Residuals per 0.5 keV

Residuals per 0.5 keV

Moagenb pa3HOCTHOIMO CNeKTpPa

Residuals: M =1.0 keV, R0=0.13, U*=10™, D=107, C=10"

Residuals: M =0.5 keV, R0=0.13, U*=10", D=10"%, C=10”
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CurHan ana cnydaa U2=10* n N=1012

M.=4 k3B, R=16%, 3HauyeHna D=10-?, C=10-3
Bapuauun +-1%
HeonpepneneHHocTn — 3-curma

Bapuauna noanoXxKu Bapuauma HanoxeHuu

H3menenue pa3HOCTHOTO CIIEKTPA MPU BapUALIUH MO ITOXKKH H3MeHeHHe pa3HOCTHOIO CIIEKTpa MPU Bapyallik HAJIOKEHWH
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CuctemaTuka npu Hysnesom curHane, N=1012

YyTeHHble PpaKTopPbl BO34ENCTBUA — NPAMOYro/ibHas NOAJI0XKa U CIyYaliHble Ha/I0XKEeHUA

Cucremarnueckue pakropoi: D=1%, C=0.1%, 6 =+1%
0.4 T T T T T T

0.3 m
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HeonpepeneHHocTb noanoxku +-0.2% pgocturaetca npu kanmbposke Ha ctatuctmnke 108
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Noanoxka 3’Ar: KOPOTKUIN CYETUMK

KBapuesbiii cuetumk: L = 40 mm, d = 4mm
34nY (A.WwuxumH) + LAn10-PCl

Cmechb: Xe+37Ar, 760 mm pT cT

CropocTb cyeta ~500 c1

Moanorkka ~7%

YS1 counter, Xe+*' Ar (1 bar), HV=1050 V, 05.08.14
T T T T T T T

YSI1 counter, Xe+* Ar (1 bar), HV=1050 V, 05.08.14
T T T T

10°

Counts per 12 eV
=,

Counts per 5 ADC chn (x1000)

10'

1 I 1 1 1 |
100 200 300 400 500 600 700
Average amplitude, ADC chn




Noanoxka 3'Ar: ANVHHbBINA CYeTUYUK

KBapuesbin cuetumnk: L =200 mm, d = 4mm
Cmecb: Xe+37Ar, 760 mm pT cT, CKopocTb cyeta ~500 ¢, bbb

MNoanoxkka ~3%
KpaeBoi adpdeKT cHmsmnca B 5 pas (200/40), cTeHOUHbIN He n3MeHuCcA

Toraa cteHouHbI apdeKkT ~2%, KpaeBoi adpdekT nopaaka 1%

YSI1 counter, Xet+* Ar (1 bar), HV=1050 V, 05.08.14
T T 1

Ar-37 in long quartz counter, 13.08.14
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BbiBOAbI

-HoBble BO3MOHOCTM NO3BONAIOT HAOPaTb 32 pa3yMHOE BpemMsa CNeKTp
TpuTna co ctatuctmrkon 1012; ato gaer craT. YyBCTBUTENBHOCTL K
cmewmsaHuio 103-10° Ha yposHe 3-curma ana macc B AnanasoHe 1-8 k3B,
4yTo Ha 1-2 nopAaKa Nyylle COBPEMEHHbIX OrPaHUYEHUM NO NPAMbIM
N3MEpPEHUAM

-MpennoXKeHHbI MeTo aHaNu3a — NpeaBapuUTesieH, pacCMaTpmUBatoTCA
Apyrve BO3MOXKHOCTU (BeMBAETbI, KBa3MONTMMa bHble Beca U np.)

-YyBCTBUTENbHOCTb METOAA aHa/IN3a K CUCTEMATMUYECKUM paKTopam
BbICOKas, 04HAKO N3MepPUTb NOANOXKKY € ToYHOCTbIO +-0.2% npobnem He
npeacraBaseT



[lpyrmne cuct. paKkTopbl

- BO3OYKAEHME 3/1IeKTPOHAMM XapaKTepmucTnyeckoro peHTreHa (Ar, Xe)
sBesiumHa 103

- CMEeKTP KOHeYHbIX coctoaHui monekyn T-3He, H-3He, D-3He
cmelteHune nopaaka 10..20 3B, seanumna 103

- TOPMO3HOE U3/Ty4eHne TPUTUA
sesiumHa 104...103



Bo3byKaeHne nanyyeHums B aproHe

Cumynauma Bo30yKAeHMA ramma-musnydyeHun B aproHe , GEANT-IV

Cratuctmka 107 cobbituit, Bbixoa Ha anexktpoH 0.2%
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3aKn4YeHue

Ocobasa npmnsHatenbHOCTb Buktopy AHLY
A.bepnes, H./lnxosua, A.LLUnxmH, A.Kanmxos

N.TKaues

CMACHUB0O 3A BHUMAHNE!



