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1. BBenenne

Bpyno Makcumosuu IToHTekopBo poauics 22 aBrycra
1913 r. B [Tuze (Mapuna au IMu3za). Ero oten Biamen Tekc-
THIBHOU (abpukoii, moctpoeHHoit aenom bpyHo ITonTe-
xopBo [lexnerpuno [TonTEKOPBO.

Hosrue o/l ocjie BOWHBI (habpHKa 0CTaBaIaCh 3aKPhI-
TOW W 3/JaHHME HUKAK HE MUCIOJb30Bajoch. Ceituac Tam pas-
MeIAeTCs MU3aHCKOoe OTAeIeHne HamoHaabHOTO HHCTUTY-
Ta saepHoit ¢pusuku (Instituto Nazionale di Fisica Nucleare
— INFN). I'itommraas mepe 3TuM 3manueM Hocut nMst bpyao
ITonTekopso.
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Physik Department, Technische Universitit Miinchen,

James-Franck str. 1, 85748 Garching, Germany

E-mail: bilenky@ph.dum.de

Cmamovs nocmynuaa 31 okmsaops 2013 2.

B cembe [ToHTEKOPBO OBLIO BOCEMB AeTeil — HSATh OpaTh-
€B U TPHU CeCTphL. ¥ BCEX HHUX XXU3Hb CIIOKHJIACH BECbMa
YCIEIIHO, a Tpoe U3 OpaTbeB — OuoJior ['Bu0, KHHOPEXKHUC-
cé€p Hxwmuio u ¢puzuk BpyHO — cTanu 3HAMEHUTHIMU.

BpyHO cHavama MOCTYyNHWJI HA MHXCHEPHBIA (DaKyJIbTeT
IMuzanckoro ynmBepcuteta. OmHAKO Uepe3 ABAa Toaa €ro
WHTEPECHl U3MEHUJINCh, U OH pelmi u3yyath pusuky. Ero
crapiimii 6paT, 3HABIIHIA O CYIIIeCTBOBAHUY IpyIbl DepmMu B
Pume, nocoBeroBan emy otmpaBuThes Tyaa. bpyHo cpan
ak3ameH camMomy ®Pepmu u Pazertu um ObLI NPUHAT HA
IIT xypc ¢puzuko-matemMaTuueckoro Qaxynbteta PumMckoro
yauBepcuteta. Tak B 1932 r. B Pume Bpyno IlonTexopso
HavaJl HAyYHYO JIeSTeJIbHOCTD B KauecTBe cTyeHTa J. dep-
mu. [To3nHee oH OBLT MPUHSAT B rpymny Pepmu, CTaB caMbIM
mutaammM u3 "napueii ¢ yauue! [Tanucnepua” (Ragazzi di via
Panisperna) !.

BpyHO y4acTBOBaJl BO MHOTHX IKCIEPUMEHTAX TPYIIIBI
depmu. DKCHepUMeEHT, MPOBEAEHHBIH AMainban U [ToHTe-
KOPBO, NMPUBEJ K OTKPBITHIO 3(dexTa MeasIeHHbIX HEHTpO-
HOB — CaMOMY Ba)XHOMY OTKPBITHIO Tpynisl ®epmu. Dd-
(dexT MeqIeHHBIX HEHTPOHOB OTKPBUI IOPOTY K MpaKTHYe-
CKOMY WCIOJIb30BAHUIO HEHTPOHOB (PEaKTOPBI, MEIHIIUH-
CKME€ M30TONBI, aTOMHasi 6oMba u T.4.). 3a 3TO OTKpHITHE
®epmu 6611 yaoctoen HoOeseBckoii npemun.

B 1936 r. BbpyHo mnonyuun mnpemuro MuHHCTEpCTBA
o6pazoBanus Mrtanmuu u ornpasuics B [Tapuwk paboTath B
rpyme XXomno-Kropu. 31ech oH u3yyas siiepHble U30Mephl,
MeTacTaOMIIbHBIE COCTOSIHHS sIIep C OOJIBIIUMH CIIMHAMU.
OH npoBE&JI IepBbIE IKCIEPUMEHTBI IO OOHAPYKEHUIO JJICKT-
POHOB KOHBEPCUU B pacnagax U30MEpOB, IOJIyYEHUIO sIep-
HBIX U30MEPOB MOCPEICTBOM OOJIyYeHHUs siIEp TaMMa-KBaH-
TaMU U BBICOKUX S9HEPTHSX U T.1. 32 pabOTHI 10 U3YUYCHUIO
saepHolt nzomepun bpyHo nomyunn npemuto Kropu —Kap-
Heru. depMu TO3APABIII €r0 C BETUKOJICTHBIMH Pe3yJIbTa-
TaMu. BpyHO ObLI CHACTIIUB U TOPJI MOJIYYUTh TAKOE MO3/1pa-

! Tak Ha3bIBasIM rPyIIy MOJIOABIX (PU3HKOB, BO3rIaBIsieMyro D. depmu,
n3 UucTutyTa dmsuku Pumckoro yrusepcuteta Jla Canuenna, pacnoso-
skeHHoro Ha yJmnue [TanucnepHa.

© C.M. bunenbkwuii 2014



532 C.M. BUJIEHBKUI1

[VOH 2014

BieHue ot Pepmu (kak OH mHcan B aBTOOMOrpaduu, emy
BCeraa kaszajaock, yTo depmu, KOTOPHIA 3Bajl €ro BEJIHKAM
YEMITMOHOM, YBaXaj e€ro TOJbKO KaK OTJIMYHOTO WTPOKa B
TEHHHC).

B 1940-1942 rr. b. [TonTekopBo paboTan B YaCTHOM
HedTssHol komnaHuu B Oxiaxome (CIIA). On pazpaboranu
MPUMEHUI Ha TPAKTUKE METO/I HEUTPOHHOTO KapoTaxka JJIsl
pa3Benku HeTSHBIX MECTOPOXKICHHH. DTO ObLIO MEepPBHIM
MPAKTHYECKIM TpUMeHeHneM 3¢ dexTa MeIIeHHbIX HeHTpo-
HOB. MeTo/ HEUTPOHHOTO kapoTaxa [TOHTEeKOPBO IIMPOKO
WCIIOJIB3YETCS M CETOIHSI.

B 1943 r. b. [lonTekopBO NPUTTIACUIIA IPUHSITH yYACTHE B
aHTJIO-KaHAJICKOM ypaHoBOM mpoekTe B Kanane. BpyHo ObL1
HAyYYHBIM DPYKOBOAMTENIEM IPOEKTA HCCIIeIOBATEIECKOTO
peakTopa, CTABIIEro MepBbIM (MocTpoeH B 1947 r.) snepHbIM
peakTopom, co3aaHHbIM 3a npeaesnamu CHIA.

B Kanane b. [ToHTeKOpBO 3aHSJICS UCCIIEAOBAHUSIMU B
ob6acTu pU3MKK JIEMEHTAPHBIX YacTull. Bckope nociie myo-
Jikaryu B 1934 1. 3HamMeHuTol pabothl PepMu 1Mo Teopun
B-pacnana [1] Bete u [MaitepJic [2] onieHMIIN CeYeHUE B3aUMO-
JIEACTBHSI HEUTPUHO C SIIPAMHU U TIOKA3aJId, YTO 3TO CEUCHHE
ype3BbIYaiiHo Maso (¢ < 10~* cm?). B TeueHne MHOTHX JIET
HOCJIe 3TOM MyGIMKAINE HEMTPUHO CYUTAIOCH "HEPErucT-
pupyemoii uactunei".

B. ITonTexopBO OBLI IEPBBIM, KTO YCOMHUJICS B CIIPABE/I-
JIMBOCTH TaKoro MHeHUs. B 1946 r. oH mpeaioxumin paauo-
XUMHYECKUH MeTo oOHapykeHus HeHTpwHO [3], B OCHOBE
KOTOPOTO JIeXkajo U3YyYeHHe pacnaja JO4YepHero siapa, 0o-
pasyroierocst B peakiuu v+ (4,Z) — e~ + (4,Z+1). On
MOAPOOHO PACCMOTPEIT PEAKIIHIO

v+37Cl— e +YAr. (1)

b. IToHTEeKOPBO CUMTAJ MEPCIEKTUBHBIM METOJ PErucTpa-
MM HEUTPUHO, OCHOBAHHBIN Ha m3ydeHuu peakiuu (1), mo
CIIEeIYIOIUM MPUIMHAM:

o C,Cly stBasieTcst EIEBOI HETOPIOYEH KUKOCTHIO;

e sapa Y'Ar spasiorcs HecTabuiababivMu (K-3axBat) n
AMEIOT TPU 3TOM BeChbMa MOJXOJSIIUA MEPUO MOJypac-
naja (34,8 cyr);

e 13 OOJIBIIOTO AETEKTOPA MOXXHO U3BJIEYb HECKOIBKO
aTomoB >’ Ar (pemkwmif ra3), 06pa3oBaBIIEXCS 32 BpeMs JKC-
TTO3UITAH.

Xnop-aprouossiii MeTo [ToHTeKOpBO ObLIT HCNIOJTBL30BAH
P. [IBrcoM B ero mepBoM, OCHOBOIOJIATAIOIIEM, IKCIIEPU-
MEHTE 110 OOHAPYKEHHUIO COJTHEUHBIX HEUTpUHO [4] (cM. Tak-
ke [5]), 3a xoTopblit oH moayurs HobGeneBckyro mpemMuto B
2002 .

PanmmoxumMuueckuii MeTOJl pPErHCTpaIlid HEHTPHHO Ha
OCHOBE peaKIiH

v+ "Ga —e +"Ge, (2)

npetoxkeHHbIN Ky3pMuHBIM [6], NCTIOTTE30BAJICS B IKCIIEPU-
MEHTaX MO H3yYyeHWIo coiHeuHbIX HedTpmHOo GALLEX
(GALLium EXperiment)—GNO (Gallium Neutrino Obser-
vatory) [7, 8] u SAGE (Soviet-American Gallium Experi-
ment) [9], B KOTOPBIX PErUCTPUPOBATIHUCH Ve OT BCEX TEPMO-
saepHbIXx peaknuii Ha CoOJIHIE, BKJIOYass HEUTPUHO OT
[JIABHOU PEAKIMU P + P — N+ p + €T + Ve.

B noJtHO# 110T0TBOPHBIX UAeH paboTe [3], HanmucaHHOU B
Uoxk-Pusepe B 1946 1., b. [ToHTeKOpBO yKa3aJ1 HA CIIETYIOLINE
BO3MOJKHbIE MHTEHCUBHBIE UCTOUYHUKY HEUTPUHO:

e Counue;

® PEaKTOPBL;

® PaMOAKTUBHBIE BEIIECTBA, TOJYyYaeMbIe B PEAKTOPaX.

B 1948 r. B Kanane b. IloHTekopBO ¢ KoJuleramu
n300pEN HU3KO(OHOBBIN MPONOPIUOHANIbHBIN cuéTumk [10],
KOTOPBII MO3BOJISITI PETUCTPUPOBATH OYE€Hb PEAKUE COOBI-
THS. DTOT CYETYUK CHITPAJI PEIIAIOIIYI0 POJIb B IKCIIEPH-
mente Homestake, a takxke B sxcnepumentax GALLEX —
GNO u SAGE.

ITocne 3namenuToro oskcnepumenta M. Kousepen,
9. Manuunu u O. [Muuunonu (1947 r.) [11], u3 pe3yiabTaToB
KOTOPOTO CIIEIOBAJIO, YTO MIOOH €J1a00 B3aUMOJIEHCTBYET C
sapamu, b. [ToaTexkopBo 1 D. XUHKC IPOBEJIN UK IKCIIe-
PUMEHTOB 1O U3YYEHUIO (PYHITAMEHTAJILHBIX CBOWCTB MIOOHA
[12, 13]. OHu moka3aju, 4TO:

® 3apsDKEHHAs YacTHLA, UCIyCKaeMasl B [l-pacraje, sBJis-
€TCSI 9JIEKTPOHOM;

e MIOOH PACIAAeTCs HA TPH YaCTHUIIBL;

e MIOOH HE pacrajaeTcs Ha 3JICKTPOH U Y-KBaHT.

Bpyno [ToHTeKOpBO MEPBBIM 0OPATIIT BHUMAHHUE HA TJTY-
OOKYIO AHAJIOTUIO MEX/Iy TPOIIECCAMU C1a00T0 B3aUMO/ICH-
CTBHS 3JIEKTpOoHA U MrooHa [14]. OH mpeanoIokKui, YTO
MIOOH SIBJISIETCSI YACTHUIIEH co cnmHOM 1/2 m B mporecce 3a-
XBaTa MIOOHA SITPOM HCIYCKAaeTCs HeUTPUHO.

CpaBHUB BEpOSTHOCTH MIPOIECCOB

W+ (A4,2) - v+(4,Z2-1),
e +(4,2) -v+(4,Z2-1),

b. ITonTekopBo OOHAPYXWUJ, YTO KOHCTAHTHI 3THUX ABYX
MIPOLIECCOB OJHOTO MOPSAKA. DTO MPHUBEJIO €ro K BHIBOAY O
TOM, 4TO cymiecTByeT "(QyHIaMEHTAIbHAS AHATIOTUST MEXTY
B-mpoueccamu u nmpoueccamu noriaouieans Mioona". Takum
06pa3oM, B 1947 r. [ToHTEKOPBO IPUIIEI K MBICIIH O CYIIIECT-
BOBAHNM YHHUBEPCAJILHOTO CJIA00TO B3aUMOJCUCTBHS C yua-
ctueM map e—v u pu—v. Maes |L—e-yHUBEpCaJIbHOCTH BIIO-
cnenctBum Obuta BbiABUHYTA [lynmu [15], KuisitHowm [16] u
Slurom u Tuommuo [17].

B 1950 r. b. IToHTekopBO ¢ ceMbEil (’keHa W TPU ChIHA)
niepeexast u3 Besmkooputanuu B8 CCCP. OH ctaj pabotaTh B
HyOHe, roe Torga HaxoAwycs caMblid OOJIBIIOW B Mupe
yckoputelnb (3Heprust npotoHoB 460 M»sB, a mo3gHee —
680 M»sB). B. [TonTeKkOpBO M €ro rpymma MpoOBOAUIA IKC-
IIEPUMEHTHI [0 MCCIIEIOBAHUIO pOXkaeHus n’ B HEHTPOH-
MPOTOHHBIX M HEUTPOH-SJCPHBIX CTOJIKHOBEHUSIX, IO pacces-
HUIO TMOHOB HA HYKJIOHAX U JIP.

BpyHo mocTtosiHHO Ayman o HeWTpuHo. B xoHme 1950-x
ronoB B JlyOHe ObLI pa3zpaboTaH NPOEKT ME30HHOH (hadpuku
(x coxaJieHuto, OH He OBbLI OCYIIEeCTBJIEH). B CcBsI3M ¢ 3TUM
npoektoM b. IloHTekopBo paccmaTpuBail BO3MOXKHOCTH
MPOBEJICHUSI SKCTIEPUMEHTOB C HEUTPUHO OT PACHAJIOB MUO-
HOB M KaOHOB, MMOJIYy4aeMbIX Ha BHICOKOWHTCHCHBHBIX YCKO-
PUTEINSIX, U IPUIIET K 3aKJIFOUCHHUIO, YTO TaKKhe 3KCIEPUMEH-
ThI C YCKOPUTEJIbHBIMH HEUTPHUHO BO3MOXHHI [18] (k TakoMy
JKe 3aKJTFOYCHUIO He3aBUCUMO TIpUIILTH Takke M.A. Mapkos
[19] m M. IBapi [20]).

Emgé Bo Bpems pabotsl B Kanane b. ITontekopBo npen-
MoJiarajl, YTo0 MIOOHHBIE M JJIEKTPOHHBIC HEUTPHUHO MOTYT
ObITh pa3HbiMu yacTuiamMu. Korga IToHTekopBo mpuiéin x
BBIBO/Y 00 OCYIIECTBUMOCTH IKCIIEPUMEHTOB C YCKOPHUTEIb-
HBIMH HEHTPHHO BBICOKHMX JHEPIHil, OH MOHSUI, YTO TaKHe
9KCIIEPUMEHTHI MPEIOCTABISIOT HAUIYUIIYIO BO3MOXHOCTh
MOJIYYUTh MOJICIbHO-HE3aBUCUMBIil OTBET HA BONPOC, SIBJIS-
I0TCA JIM Vy ¥ Ve OAMHAKOBBIMU MJIM PA3HBIMM YaCTHLIAMM
[18]. TIpennoxenue b. IToHTEeKOpPBO OBLIO peaIM30BAHO B
1962 r. B 3Hamenutom bpykxeitBeHCKOM skcniepuMenTte [21],
KOTOPBIHA I0Ka3all, uTo Ve 7# v,.. B 1988 r. Jlenepman, IlIsapn
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u Creiinbeprep Obu1n yaocroensl HobesteBckoi npemuu "3a
METO/I HEUTPUHHOTO TIyYKa U JOKA3ATENLCTBO JyOJIETHOM
CTPYKTYPBI JIENTOHOB TIOCPEACTBOM OTKPBITUS MIOOHHOTO
HeiiTpuno".

2. IlepBble naen o Maccax HellTpHHO,
HX CMeIIMBAHNM M OCHMJLISIIUAX

Tenepb MBI IEpeXOqUM K HaHOOJIee BAXKHOW Uee, BHIABIHY-
Toil bpyHo IloHTekopBO, — HAEE O CYIIECTBOBAHMM Macc,
CMEIIMBAHUS Y OCIMJUISIMNA HeHTpuHO. MAero ocimuIsimii
HEUTPUHO OH BbIckazal [22, 23] B 1957 — 1958 rr. u pa3BuBal
€€ B TeYEHUE MHOTUX JIET.

Ha b. IlonTekopBo mpousBesio OOJIBIIOE BIIEUATIICHUE
npenmnosioxkenne [enn-Manma um Ilaiica 0 BO3MOXHOCTH
ocrmmsimmit K® S KO [24], KOTOpPOE€ OCHOBBIBAJIOCH HA CJIe-
JIYIOIIUX (paKTax:

1) vactumsr K° u K° o6mamaror crpannoctsio 1 n —1
cooTrBeTcTBeHHO. CTpPAaHHOCTH COXPAHSETCSI B CHIBLHOM
B3aUMO/JICUCTBUY;

2) cnaboe B3aUMOJCUCTBHE, B KOTOPOM CTPaHHOCTh HE
coxpansieTcsi, mpuBoauT K nepexoaam mexay K m KO;

3) coctosamst K u K wactun, poxmarommxcs B mpo-
reccax CHJIBHOTO B3aUMOJEHWCTBUS, SIBJISIFOTCSI CYIEPIO3H-
musivu ("emecamu™) coctosamit K¢ u KS — wactum ¢ ompe-
JIeJIEHHON Maccoil U IUPUHOIA.

B pabGore [22] b. IloHTekOpBO TOCTaBUJI BOIPOC:
«...CYILECTBYIOT Jit Apyrue "cMelanubie’ HelTpasibHbIE Yac-
THIBI (HE 0053aTEJILHO 3JIEMEHTAPHBIE), KOTOPBIE HE WJICH-
THYHBI COOTBETCTBYIOIIMM AHTHYACTHIAM U I KOTODPBIX
MePeXoIbl YACTHUIIA — AHTHIACTHUIA HE SIBIISTFOTCSI CTPOTO 3a-
npemEHHBIMIY. OH TPUIIET K BEIBOAY, YTO TAKOH CHCTEMOMN
MoOT ObI ObITH MEOOHMH (L + €7) u anTUMIOOHuU# (W~ + et).

B To Bpems elé He ObUIO U3BECTHO, YTO Ve M V, — 3TO
pasuble yacTunbl. Eciiu ObI OHU SIBIISITUCH OTHUMU U TEMU XKe
YACTHI[AMHE, TO MEPEXOJIbI L + €~ — U~ + ¥ Obum Obl pas-
PEIIEHHBIMU M BBI3BIBAIUCH (BO BTOPOM MOPSIIKE TEOPUU
BO3MYIICHUI) TEM € CaMbIM B3aUMOJCUCTBUEM, KOTOPOE
BBI3BIBACT [l-pacnall. B Toi xe pabore [22] b. [ToHTexkopBo
JIOBOJILHO TOAPOOHO PACCMOTPEN OCHIILISAIUK Pt + e~
Ssp+et.

Ciieyet 3aMeTUTh, YTO COBPEMEHHBIE KCIIEPUMEHTHI 110
TIOUCKY TIEPEX0J0B MIOOHHHA —aHTUMIOOHUH (cMm. [25]) cum-
TAIOTCSl YYBCTBUTEJIBHBIM MHCTPYMEHTOM IS IOJIyYEeHHS
nHbOpMAIMU O B3aUMOACUCTBUM, B KOTOPOM JIEITOHHBIN
apoMaT U3MEHsIeTCs Ha 2.

B pa6ote [22] B. [Tontexkopso 3ametu: "Eciu Gbl Teopus
JIByXKOMITOHEHTHOTO HEHTpHHO ObLTa HeBepHa (YTO ceivac
e/IBa JIX BEPOSITHO) M eCJIi Obl He MMeJT MeCTa 3aKOH COXpa-
HEHUs 3apsja HEUTPUHO, B MPUHIMIE ObLIN ObI BO3MOXHBI
nepexoasl HEMTPUHO — aHTUHEATpUHO B Bakyyme'. Kax
MU3BECTHO, B COOTBETCTBHU C TEOPHEH IBYXKOMIIOHEHTHOTO
HEUTpUHO [26 — 28] HEUTPUHO HE UMEET MACChI U JIJISI OJTHOTO
THIIA HEHTPUHO CYIECTBYET TOJIBKO JIEBOE HEUTPUHO Vi U
MpaBoe aHTHHEHTPUHO VR. [lepexoapl Mexy HUMU 3arpe-
ILIEHBI B CUJTy 3aKOHA COXPAHEHUS YTJIOBOI'O MOMEHTA.

Homenime 10 IToHTeKOpBO CiyXu MOATOJKHYJIH €T0 K
ONyOJINKOBAHUIO WAEW OCHWJUISIMN HeiTpmHo. B 1957 T.
P. [IoBUC TPOBOAMII IKCIIEPUMEHT MO TIOUCKY POXICHUS
37 At BO B3aMMO/IeHCTBIH peakTopHbIX Helirpuro ¢ 37Cl [29]
u 1o ITonTekopBo gOMEN c1yX, 4To I3BUC HaOJII01aJ TaKKe
coObIThs. [IOHTEKOPBO NPEANOJIOKUI, 9TO 3TH "coObITHS"
OpLTH 00YCIIOBIIEHBI IEPEXOAAMHU PEAKTOPHBIX AHTHHEHTPH-
HO B IIpaBbIe HEUTPUHO HA IyTH OT PEaKkTopa K IETEKTOPY, U

onyOJIMKOBAJ IEPBYIO PAOOTY, MOCBSIIEHHYO OCIUJIISLIUSM
HerTpuHo [23] (1958 1.).

D10 ObLIA OYeHb cMetast uaes. [loguepkuéM emg pas, 4To
B 19571958 rr. OBLT U3BECTEH TOJBKO OJIUH THIT HEUTPHHO.
B. TToHTEKOPBO BBIIBHHYJI MPEIOJIOKEHHE, YTO UMEFOTCS
nepexoabl Vg — VR (1 vy — v ). Takum obGpasom, emy
HPUILUIOCH JOIYCTUTh HE TOJIBKO TO, YTO HE COXPAHSETCS
JICMTOHHOE YHUCJIO, HO U TO, YTO KPOME CTaHIAPTHOIrO
[IPABOTO0 AHTUHEUTPHUHO VR ¥ JIEBOTO HEMTPHUHO VL (KBAHTBHI
JIEBOTO MOJIst Vi (X)) CYLIECTBYIOT MpaBO€ HEUTPUHO VR U
JIEBOE aHTHHEUTPUHO V| — KBAHTBI IPABOTO MOJIS VR (X).

CoracHO TEOpUH JBYXKOMIIOHEHTHOTO HEWTPHHO, I1O-
JIyYUBILICH TOJHOE MOITBEPKACHUE B IKCICPUMEHTE 110 H3-
MEPEHUIO CrIupajibHOCTU HelTpuHO [30], B JIarpaHXuaH cia-
60ro0 B3aNMO/ICHCTBHSI BXOIUT TOJIBKO moJie vy (x). DTo 03Ha-
YaeT, YTO C TOUKU 3PCHUS JJAHHON TEOPHHU VR U VI SBJISIFOTCS
HEB3aMMO/ICHCTBYIOIIMMH, "CTepUIIbHBIMUA", YACTHIIAMHU.

Y100l 00bacHuTEL "cobpiTusa" IoBuca, b. ITonTekopBo
JIOJDKEH OBbLI IPEANOJOKUTL, 4TO "ompemenéHHass q0JIst
vqacTul] (VR) MOXET BBI3BATH XJIOP-aPTOHHYIO peakiuro".
ITo3nHee, KOorga Takue aHOMAaJIbHBIE "coObITHS'" HCcUe3n U B
aKcnepuMenTe J3Brca ObLI OnpeaesiéH TOJIbKO BEPXHUH mpe-
Jen ceyenus peakiuu v 4 'Cl — e~ + 3 Ar, Bb. [TonTekopso
MOHSLT, YTO B JAHHOM IIPEIIOJIOKEHIH HE OBLIO HYXIbl. B
creayrolei padbote o HEHTPUHHBIM OCHUIUISAIHUSAM [31] oH
BBEJI TEpMUH "CTEPUIIbHOE HEUTPUHO", CTABIINIT HBIHE OOIIE-
MIPUHSITBIM.

B cBoeit camoii nepBoit pabdote [23] MO OCHUILIAIUSAM
Hertpuno b. TToHTexkopBO yka3bIBaj, 4TO B IKCHEPUMEHTE
Paiineca u Koysna [32—34] mMoxHO ObLIO HAOMIOIATH
neburut antunerTpuno. Ou muca [23]: "Ceuenne nporecca
V+p—e+ncVvor peakropa I0JDKHO OBITh MEHBIIIE OXKU-
JTAEMOT0, TIOCKOJIbKY MYyYOK HEWTPAJIbHBIX JISNTOHOB, CIO-
COOHBIN BBI3BATH TAKYIO PEAKIMIO, MEHSIET CBOW COCTaB Ha
IyTH OT peakTopa K AeTekTopy".

Hauwnnas c atoit pa6ots! [23] BpyHO BCIO XU3HBb BEPHII B
CYILECTBOBAHME OCUMIUIANMN Heiirpuno. OH mucaix: "D¢-
(eKTBI MpeBpalllcHAs] HEUTPUHO B AaHTHHEHTPUHO U HA000-
POT MOTYT He OOHAPYKUBATBLCS B JJA0OPATOPHBIX YCIOBHSIX,
HO OHU TOYHO UMEIOT MECTO, 1O KpaliHeil Mepe, Ha aCTPOHO-
MHYecKoM maciirabe".

3. Bropas pa6ora IlontexkopBo
Mo HeHTpUHHbIM ocimLIsisIM (1967 1.)

Crenyrolyro paboTy MO HEUTPUHHBIM OcHMLISIMSIM [31]
B. ITonTexopso Hammcan B 1967 r. B To Bpems ObLa co3aaHa
(enomeHomornueckasi V— A-teopus, OblIH OOHApPYKEHBI
ocmursmm K S K n 610 mokaszano, uto B mpmpome
CYLIECTBYIOT (MO KpailHed Mepe) ABa TUna HEWTpuHO. B
paGore [31] IMonTekopso mucan: "Ecim JIeNTOHHBINA 3apsia
— HE TOYHO COXpaHsIoIleecs] KBAHTOBOE YHUCIO (B 9TOM
cIy4yae Macca HEWTPUHO, MO-BHAMUMOMY, OTJIHYAETCS OT
HYJIs1), TO OCHUJUISIIIAY, TIOJOOHbIC OCHUJUISIIIASIM B MYYKax
K -Me30HOB, CTAHOBSATCS BO3MOXKHBIMHU B ITy4KaX HEATpUHO".
OH paccMaTpuBaJl OCHMJUISIIMUA MEXIY AKTHBHBIMHU HEUT-
PHHO V, 5 Ve, @ TAKXKE MEX1y aKTUBHBIMH U CTEPUIbHBIMU
HEUTPHUHO V| &S Ve U T.JI.

B patore [31] . [TonTeKkopBO BriepBble 06Cyami 3hhexT
OCIMJUTAIMA COJTHEYHBIX HEUTpUHO: "C TOUKM 3peHus BO3-
MO>HOCTEH HaOJIOACHUS UIEATbHBIM OOBEKTOM SIBJISETCS
Comnnne. Ecnm nnmmHa ocomyuIsiiug MHOTO MEHBIIIE, YeM pa-
JINYC COJIHEUHOH 00Jsiactu, 3(PEKTUBHO POXKIAAFOIICH HEUT-
PHHO... TPSIMBIX OCHWJUISIIAA HeJb3sh HaOMoIaTh u3-3a
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a¢pdexra ycpeqnenuid. EquHCTBEHHBIH 3 (GEKT HA TOBEPXHO-
¢ty 3eMJIH 3aKJIIovascs Obl B TOM, YTO MOTOK HAOJIIO1aeMBIX
COJIHEYHBIX HEHTPHHO IOJDKEH OBITH B JBA pa3a MEHbIIE
MIOJIHOTO TIOTOKA COJIHEYHBLIX HEUTPpUHO".

B 1o Bpems P. JI3BUC TOTOBUJI 3HAMEHUTBIN 9KCIIEPUMEHT
MO pEerucTpalyu CoJiHeuHbIX HedTpuHo. Korma B 1970 r.
OBLTM TOJIy4eHBI MEePBbIE PE3yJIbTAThI 3TOrO IKCIEPHUMEHTA
[35], okazasoch, 9TO 3aperUCTPUPOBAHHBIA MOTOK COJIHEY-
HBIX HEHTPHHO NPHMEPHO B IBA-TPU pa3a MeEHbIIE Tpei-
CKa3aHHOW BEJIMYUHBL. DTO MOPOAMJIO TaK Ha3bIBAEMYIO
npobsieMy neduImTa COTHEYHBIX HeUTprUHO. CIIycTsl KOpOT-
Koe Bpemsl HamboJiee eCTECTBEHHBIM U3 BCEX MOSIBUBIIUXCS
00BsICHeHUH 3TOro Ie(pUIUTa OBLIM TOBCEMECTHO TPU3HAHBI
OCIIMJLISIIIAY COJTHEYHBIX HelTpuHO. Takum oOpasom, bpyno
IToHTeKOpBO MpenBHEN MOSBICHAE MPOOIEeMBI AeUIHTa
COJIHEYHBIX HEUTPHUHO.

4. Pa6ora I'pudoBa u Ilonrekopso
o ocuu/IIsiusM Heidrpuno (1969 r.)

I'pubor u [ToHTeKOpBO [36] paccMOTpeNH cXeMy CMelInBa-
HUS U OCHMJUISIUN HEUTPHUHO B CIy4ae YETBIPEX COCTOSIHUM
HENTPUHO M AHTUHEHTPUHO — JIEBBIX HEUTPHUHO Ve, V. H
MIPAaBbIX AHTHHEUTPHUHO Ve, V, — B IPEATIONOXKEHUU OTCYT-
CTBHUS CTEPUJIbHBIX COCTOSIHAM HEUTPUHO.

B pab6ote [36] nmpenmosarajioch, 4To, KpoMe CTaHIapT-
HOTO V—A-B3aMMOJEHUCTBHUSl C JIENTOHHBIM 3apsDKEHHBIM
TOKOM

jd = 2(veLszeL + vl.lL‘you“L) ) (3)

B CTAaHIAPTHBIN JarpamXuaH BXoAUT 3G(HEKTUBHOE B3aUMO-
JeicTBue, Hapymaromee L, u L. ITocne nquaronanmsanuu
€caMoTro OOILEro MOJIHOTO JarpaHXuaHa TAKOro TUMA TOJIY-
YAFOTCS CJIEAYIOIINE COOTHOIICHHUS:

veL = cos O vip +sin vy, VuL = — sinO vy +cosOvy .

(4)

31ech vi» — MHOJs MalOPaHOBCKUX HEHTPUHO C MaccaMu
mip, 0 — yroa cMemuBaHMs. Maccel HEHTPUHO U YIJIBI

CMEIIMBAHUS OTPEEIIIoTCS napamerpamu 3¢dexTuBHOTO
JIaTpaHXuaHa.

ABTODBI OJIYYHIIH CIICAYFOIEE BBIPAKEHUE IJIsSI BEPOSIT-
HOCTH BBDKMBAHHUS Ve B BAaKyyMe (B COBPEMEHHBIX 0003Hae-
HUSIX):

1. Am?’L
P(Ve — Ve) = 1 ) sin’ 20(1 — cos T) ; (5)

U IPIMEHIIIN pa3paboTaHHbIA (OPMAIIH3M K OCHUIUISIIUSIM
COJIHEYHBIX HeWTpuHO. OHU CUMTANH, YTO MaKCHMAaJIbHOE
cMmenmBanue, § = n/4, sBisieTcs HanboJiee IPOCTON U IPH-
BJICKaTEIPHOX BO3MOXHOCTBIO. B 3TOM ciywae cpemHmit
Ha0JII0JaeMblil OTOK COJIHEUHBIX HEUTPHUHO cocTaBisi1 1/2
OT NPEICKa3aHHOTO.

5. O6mas ¢eHomeHoI0rHYeCKAsT TEOPHsI
CMeEIMBAHUS M OCHWLIANNA HEHTPUHO
(Ayomna, 1975-1987 rr.)

Hamu coBmectHbie ¢ b. [TonTexkopBo paboThI MO UCCIIE0-
BAHHMEIO MAcCC, CMEIIUBAHUS U OCIIMJLISIIMNA HeUTpuHO [37, 38]
Havayuch B 1975 r. B ocHOBe mepBoii myOymkammu Jiexasa
nujest KBapK-JIENTOHHOM aHaJIOTuu.

K ToMy BpeMeHH ObLIO YCTaHOBJIEHO, YTO 3aPSHKCHHBIN
TOK KBapKOB MMeeT BU/I (B CIy4ae 4YeThIPEX KBAPKOB)

70 () = 2 (g (x) 7, df (%) + EL(x) 7 5E(x)) . (6)

3nech df (x) u sf(x) — cmecu Kab6u660—-T'MIM (Tnormoy —
Wnmonyoc— Matianu) d- u s-KBapKOB C MAaCCaAMH 11 U Mg, &
0c — yron Ka6ub6o,

df (x) = cosOcdy(x) + sin Oc sp.(x) ,
sp = —sinfcdy(x) + cos Oc sp.(x) . (7)

3apsHKeHHBIH JIENTOHHBINA TOK

T () = 2(Fer () 7 () + T (3) 710 (x)) (3)

IMeeT TOT Xe BUJI, YTO ¥ KBaPKOBBIH 3aPsDKEHHBIH TOK (Te Xe
k03¢ punueHTHI, JeBbIe KOMIIOHEHTHI TIoJIel). s mosiHOU
AQHAJOTUM MEXJy KBapKaMM M JIEHTOHAMU €CTECTBEHHO
HPEINOIOKUTD, UTO Ver(X) U V,r(X) TOXe SBIAIOTCS CMe-
[IAHHBIMH TOJISIMU:

VeL(X) = cos O vip(x) + sin O vy (x),

©)

v (x) = —sin 0 vy (x) + cos 0 vor (x) .

3meck v (x) 1 vo(X) — AUPAKOBCKHUE HOJIST HEUTPUHO C MACCOM
my ¥ ny, a  — yroy cMeluBaHus JenToHoB. B pabote [37]
MBI TIUcajId: "...B HALIIEH CXEME V| U Vo ONUCBIBAIOTCS TaK XKE,
KaK ¥ OCTaJIbHBbIE JICNITOHBI U KBAPKU (YTO, MOXKET OBITh,
SIBJISIETCSL €€ JOCTOMHCTBOM), B TO BpPEMsI KaK B CXeMe
I'puboBa—IToHTEKOPBO 00a HEUTPUHO 3aHUMAIOT Ocoboe
MECTO CPeIH OCTANBHBIX (DYHIAMEHTAIbHBIX YaCTHI]".

Ecim umeet Mecto cmemmBanue (9), TO MOJTHOE JENTOH-
Hoe uucio L = L + L, COXpaHsAeTCs ¥ HEUTPUHO C ONpeie-
JIEHHOM Maccoit v; (i = 1,2) OTJIMYAIOTCS OT AaHTUHEUTPHHO V;
JIeNTOHHBIM uuciiom (L(v;) = —L(V;) = 1).

B 1975 r., yxe coycTtsi MHOTO JIET TOCJE TOSIBJICHUS
MeBIIel OOJIBIION yCcIeX TEOPUH ABYXKOMIIOHEHTHOT O Hell-
TPUHO, TIO-TIPEXKHEMY CYIIECTBOBAJIO 00IIIee yOeKIeHHE, YTO
HeUTpuHO siBisieTcst Oe3maccoBoll wacTuueidl. Brnosne oue-
BUJHO, 4TO B TaKOM ciydae cMmemuBaHue (9) He umeeT
(usmnueckoro cmuiciia. Ha To BpeMs y Hac ObLIN ClieAyroIIme
ApPrYMEHTHI B TOJIB3Y CYHIECTBOBAHUS MACChl HEHTPHUHO:

1) He cymiecTByeT HpHHIUIA (TAKOro Kak, Halpumep,
KaJIMOpPOBOYHASI HHBAPUAHTHOCTD B CIIydae Y-KBaHTOB), KO-
TOpBI TpeOyeT, YTOObI Macca HEUTPUHO ObLiIa HYJIEBOIL;

2) B paMKax TEOPHUH ABYXKOMIIOHEHTHOTO HEUTPUHO Oe3-
MAacCOBOCTb HEUTPUHO CBHUIECTEIHCTBOBAJIA B MOJB3Y OIS
JieBoro HeWTpuHo. OgHAKO 0Ka3ajoCh, YTO B CJIa0bIi ra-
MIUTbTOHUAH BXOJST JIEBble KOMITOHEHTHI BCEX MOJIeH (Teo-
pust V—A). B cBs13u ¢ 3TUM ecTecTBeHHEe OBLIO OBl paccMart-
pUBaTH HEUTPUHO HE KaK 0COOYI0 6E3MAacCOBYIO YACTHILY, a
KaK 4acTHIly, 00J1aJAt0Iy0 HEKOTOPOU MacCoi.

B pa6ote [37] MBI 0OCYX)Jau BO3MOXHYIO BEJIMYHHY
yriia CMelBaHus 0 M yTBEpK AN ClieTyolee:

e HET MPUYHH JIJIs TOTO, YTOOBI JISNTOHHBIE YT JIbI CMEIIIH-
BaHUs U yrJibl cMemmBaHus Kabn660 ObLIH 0TMHAKOBBIMU;

e "HauGoNbIIMI HHTEPEC NPEACTABISIOT BBIACJICHHBIC
3HAYeHHUs YrJI0B cMeruBanust 0 = 0 u 6 = nt/4 (Makcumaib-
HOe cMernuBanue)".

BeposiTHOCTH TIepexo0B V; — Vi B CXeMe CMEITBAHUS
JIBYX MAaHOPAHOBCKUX HEUTPUHO U B CXEME CMEIITUBAHUS JIBYX
JIUPAKOBCKUX HEUTPUHO OJMHAKOBBHI.

B paGore "Again on neutrino oscillations" [39] MbI pac-
CcMOTpeJid HanboJiee obIIee CMellInBaHue HeUTpUHO. B cooT-
BETCTBUHM C COBPEMEHHBIMHU KAJMOPOBOYHBIMU TEOPHSIMH,
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MBI CTaJIM UCHOJIb30BaTh HEUTPUHHBIN MACCOBBIM YJIeH IS
XapaKTePUCTUKH CMEIINBAHKUS HEUTPpUHO. ECTh TpH BO3MOX-
HBIX THTIA HEHTPUHHBIX MACCOBBIX WICHOB 2.

5.1. JleBblii MaiiopaHOBCKHii MACCOBBIIi YJIeH
Crannaptasie CC (3apspkensblid Tok) 1 NC (HeHTpasIbHBIN
TOK) JIArPAHKMAHBI B3aMMOJEICTBHS JIENTOHOB ¢ W*- n
7°-6030HaME UIMEIOT BUJT

cc_ &

- LN ___ 8
1 2\/5

CcC o
W* +h.c. —
Ja + 2cos

0y TeosLin
(10)

3neck ¢ — SU(2)-kanmuOpoBOYHAS KOHCTAHTA CBSI3U, 0,
c1a0bI# yrou, h.c. — 3pMHUTOBO-CONPSIKEHHOE BEIPAKEHHE, a
3dp§I)KeHHbII/I JIENTOHHBIHA TOK jCC 1 HEWTpaIbHBINA HElTPUH-
bl Tok /N narores Bpra)KeHI/ISIMI/I

j$€=2 Z YLyl JC Z VLY VIL -

ITpenmnonoxum, 4TO B MOJHBINA JArpaHKUAH BXOJUT TAKXKe
CIIeQYIOIIAN HEUTPUHHBIA MaCCOBBIN YJIEH:

(11)

1
LM = -5 > v (M), (viL) + hee. (12)

1

rae C— maTpuna 3apsigoBOT0 CONPSIKEHUS, yI0BJIETBOPSIIO-
asi yCJIOBUSIM
T ~-1 . T _

ny C = Ya> C _7C7
a maTtpuna MM sgBigeTcss KOMIIIEKCHOH CHUMMETPUYHOM
MAaTpULEH.

ITocne ctangapTHON AMATOHAIM3ANMU MACCOBOTO YJICHA
(12) nonyyaem

1
M:—E Zmivi\)i, (13)

rJe v; — ToJie HEUTPUHO C Maccoit m1;, yAOBJICTBOPSIOIICE
MailopaHOBCKOMY YCJIOBHUIO:

ol (14)

vi=vE =
ToxoBoe moJie v, CBSI3aHO C MAaOPAHOBCKUMH TIOJISIMHA V; |
COOTHOIIICHHEM

viL = § UpviL -
i

B ciiyyae MaitopaHOBCKOTO MaCCOBOTO YJIEHA HET COXPAHSIFO-
IIUXCS1 JIENTOHHBIX yncesl. OTCro/1a ciieIyeT, YTO MaiopaHoB-
CKHE HEUTPHUHO SIBJISIFOTCSI HCTMHHO HEHTPaJbHBIMH YaCTH-
IIAMU: OHU HE MMEIOT HU JJIEKTPUYECKOTO 3apsijia, HU
JIENITOHHBIX unces. UHpIMHU clToBaMU, MaHOPAHOBCKUE HEUT-
PYHO U AHTUHEHTPUHO SIBJISIFOTCS UACHTUYHBIMU YaCTUIIAMM:
V; = v;. CxeMa ¢ MaCcCOBBIM YWJICHOM Elﬁ/[ MpeAcTaBIIsieT co00it
0000111eHIE CXEeMBI, pACCMOTPEHHOH B paboTtax [37, 38].

(15)

2 4 crenyro o63opam [40, 41].

5.2. JlupakoBCKHMii MacCOBBIi YJIeH
Temepr mpemmosoxuM, 4To kKpome cTanmapTaeix CC-
NC-narpamxuanoB (10) B MOJHBIA JarpaHXuaH BXOIJUT
CIIeAYIOIINAN HEUTPUHHBIA MaCCOBBIN YJIEH:
LP = — E V[/LMBV/R +h.c.,
[N

(16)

rae MP — komrutexcuas 3 X 3-matpura.
ITocne cranmapTHOM AUATOHAIM3AIN MaTPUITLI M D mMir
MOJIyYaeM CJICIYOIIee COOTHOIIIEHUE CMECH:

viL = E Upir .
7

3nece U — yHuTapHas 3 x 3-marpuna cMeluBaHUs, V; —
T10JIe JUPAKOBCKUX HEUTPUHO C MACCOH m;.

MaccoBpiii uien L£P coxpamsieT MNOJHOE JENTOHHOE
ugcio L (oguHakoBoe AJs (Ve;e), (Vi 1), (ve;1)). dupakos-
CKHE HEUTPHUHO V; 1 AHTUHEUTPUHO V; UMEIOT OJUHAKOBYIO
Maccy m; U pa3InyaroTCs JenTOHHbIME ynciamu (L(v;) = 1,
L(v;) = —1). Cxema ¢ MaccoBbIM wWieHOM L~ SBJISETCS
0000I1IIeHneM CXeMBI, pACCMOTPEHHOU B paboTax [33, 38].

(17)

5.3. /lupakoBcKuii H MaliOPaHOBCKHIi MACCOBBIil 4JIeH
B paGote [39] MBI paccMaTpuBaiiu HauboJiee o0 aupa-
KOBCKHI 1 MAOPAHOBCKHA MAaCCOBBIN YJICH:

LOM = ¥4 P 4+ Ly

(18)
3aech EM — JIEBbIIl MallOpaHOBCKHI1 MaccoBbIi uieH (12),
£P — nupaxosckuit MaccoBsiit wien (16), a mpaBbIii Maifo-
PaHOBCKHIA MacCOBBIN WJIEH £R Ta&TCs BBIpAXKEHHEM

1 _
ﬁM = _EZ (V[/R)C (M]QA)///VIR Jrh.c.,
I

(19)

roe M ﬁ’l — KOMILIEKCHAsI CHMMeTpHyYHas 3 X 3-MaTpuua.
IMocne nquaronanu3amuu MaccoBoro wieHa (19) Mbl mo-
JIyqaem cnenyromne COOTHOIHQHI/IS['

V/L—g Upir, (r) E UpviL -
i=1

3nece U — yHutapHas 6 X 6-ManI/IIIa (nmepBble TpH psaa
Matpuibl U ToJyuaroTcs MHIEKCAMU [ = e, W, T, TIOCJIeIHIE
TPHU psa — UHIAEKCaMU [= e, [, T), v; — TmoJjie MaoOpaHoOB-
CKOTO HEUTPHUHO C MACCOU ;.

Taxum obpa3om, B oO1IeM ciyuae IUPAKOBCKOTO U
MaHOpPaHOBCKOTO MAacCOBOTO 4JIEHA MOJSl HEUTPUHO Vi C
omnpeieIEHHBIM apOMAaTOM SIBJISIFOTCS. YHUTAPHBIMH KOMOWU-
HAIMSIMHU JIEBBIX KOMITOHEHTOB IIECTH MAalOpPAHOBCKHX TI0O-
JIed ¢ ompemesIEHHBIMH MaccaMd. e ke camble JIeBbIe
KOMIIOHEHTHI IIECTH MaWOpaHOBCKHX IOJICH C ompeesiéH-
HBIMU MacCaMH SIBJISIFOTCSI YHUTAPHO CBSI3aHHBIMH C COTIPSI-
KEHHBIMHU CTEPHIILHBIMH TIPABBIMHE NOJIAMHE (VR )<, KOTOpBIE
HE BXOJST B JIATPAHXKUAH CTAHIAPTHOTO 3JIEKTPOCIaAb0To
B3aUMOJCUCTBHS.

B ciyyae aupakoBCKOTO HWJIM MailOpaHOBCKOTO Macco-
BOTO Y€HA BCJICACTBHE CMEIIMBAHUS BO3MOXHBI TOJIBLKO
MepexoIbl MeXIy aKTUBHBIMHU HEUTpHUHO V; — V. B ciyuae
JIMPAKOBCKOTO M MalOpPaHOBCKOTO MAaCCOBOTO YJICHA BO3-
MOXHBI TEPEXOAbl HE TOJIbKO MEXJY AKTUBHBIMH HEWUT-
PHWHO, HO ¥ MEX/Iy aKTUBHBIMH W CTEPUJIbHBIMUA HEUTPUHO
(Vi — V).

B 1977 r. b. IToHTEKOPBO U 51 HATTUCAJIN IEPBBINA 0030p 1O
ocimuisnusIM HedTpuHOo [40], B KOTOPOM TOJBEJIM UTOT
COCTOSIHUSI UCCIIEJOBAaHUN TPOOJIEMBbI MacC, CMEIITMBAHUS U
OCIWJUISIIAA HEUTPUHO, CIIOXKHBIIETOCS HA TOT MOMEHT,

(20)
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KOr/a ell€ He Ha4aJIuCh SKCIIEPUMEHTHI 11O MOUCKY HEUTPUH-
HBIX OCHIJUISIMNA. DTOT 0030p MPHUBJIEK BHUMAaHHE MHOTUX
YUEHBIX-(DU3UKOB K MpoOIeMe MAacchl M OCHMJUISIIAN HEeUT-
pHUHO.

5.4. Ocimansimun HEHTPUHO B BaKyyme

B paznenax 5.1—-5.3 MBI paccMOTpesid BO3MOXHOE CMEIIIH-
BaHMe moJield HelTpuHO. Kakumu sBISIOTCS COCTOSIHHS
(bJ1eiBOPHOCMEIIAHHBIX HEUTPUHO Ve, V, U V; (4 (ireiiBop-
HOCMENIAHHBIX AaHTUHEHTPUHO Ve, Vy U Vi), POXKIAIOIIUXCS B
cialbIX pacnagax, 3aXBaThIBAIOIIMXCS B HEUTPUHHBIX MPO-
neccax u T.11.7 [To onpeesieHnIo MIOOHHOE HEUTPUHO — 3TO
vyacTuia, oOpasyromasicss BMecTte ¢ Q' B pacmaje
nt — pt +v,, a vacruua, nopoxnarornast et B mporecce
Ve + P — €7 4 n, — 3TO 3JIEKTPOHHOE AHTUHEUTPUHO H T.1I.
JaHHoe ompenesieHNe SIBJISETCS OJHO3HAYHBIM, €CJIU B
MAaTPHUYHBIX 3JIEMEHTAX MPOLECCOB POXKAEHUS (U MOIJIOLIe-
HUSI) HEUTPUHO MOXHO MpPEHEOpeYh Pa3HOCTHIO KBAJIPATOB
Macc HeUTpuHO. B sTOM ciaydae MaTpUUHBIN 3JTE€MEHT
pacnaga, B pe3yjabTaTe KOTOPOTro obpasyercst v;, Aaércs
MATPHUYHBIM 3JIEMEHTOM CTaHAAPTHON MoJieiH (C HyJIeBOU
pPa3HOCTbIO KBAAPAaTOB MAacC), a COCTOSIHUE AKTHUBHOTO
HelTpuHo v, (I =e, W, T) maércs He3aBUCUMO OT Ipolecca
00pa3oBaHUs COOTHOIIICHUEM

vy = Uilv).
i

31ech |V;) — COCTOsIHIE HEUTPUHO C UMITYJIbCOM P U SHEPruei
2

(21

m:
E = 2 ~E+—L 22
i p-+ +2E7 (22)
rne E=p — osHeprus HeitpuHo npu m; — 0. Takum

00pa3oM, Npu CMELIMBAHUHA HEUTPUHO C MAJIOH pPa3HOCTBHIO
KBaJIpaTOB MAacC COCTOSIHME HEUTPUHO C OMPEIEIEHHBIM
apoMaToOM SIBJISIETCS CYNEPIO3UIUEN COCTOSIHUI HEUTPUHO
(IMpaKOBCKUX HMJIM MAaHOPAHOBCKUX) C ONpPEIACTIEHHBIMU
maccamu. B pabote [40] MbI chopmysIupoBaiu CleayroIee
YCJIOBHE KOT€PEHTHOCTH:

L,‘kZd, (23)

rae Ly =4nE/|Am3| (i#k) — npaumHa ocumuIsUMid
2 _ 2 2y 4 g xan: . .
(Amj = m; —m;), a a XapakTepu3yeT KBAaHTOBO-MeXaHNYe-
CKHif pa3Mep UCTOYHHKA.
CrieyeT 3aMeTHTb, 4TO JUIsl PA3HOCTE KBaIpaToOB Macc

Amy=T754703x107° 5B, Amj; =243 01 x 1077 oB?,
(24)

TIOJIYYEHHBIX U3 COBPEMEHHBIX 3KCIIEPUMEHTAJIBHBIX TAHHBIX
10 U3YYEHUIO HEUTPUHHBIX OCHUJUISINI, U 3HEPrUil HeuT-
puso E > 1 M»sB ycnosue (23) 3aBeIoMO BBITIOJTHSIETCSI.

CoortHomrenne (21) siBasieTcss OCHOBHBIM ISl HEUTPUH-
HBIX OCIJUISINNA. B COOTBETCTBHM C KBAaHTOBOU Teopwen
TOJIsl, 3BOJIFOLUS COCTOSIHMMA ONpENesIsieTCsl ypaBHEHHUEM
Ipénunrepa

2Y(0)
ot

rae Hy — cBoOomubIil ramMuibToHUaH. VI3 ypaBHeHus (25)
clienyeT, 4yTo eciu npu ¢ = 0 poxaaeTcss HEUTPUHO V;, TO B
MOMEHT BPEMEHH ¢ JIJIsl COCTOSTHUI HEUTPUHO Mbl UMEEM

[vi), = exp (—iHo?) |v)) = Z Uj; exp (—1Ejt) |i). (26)

= Ho|¥(1)), (25)

BaxHo, uTo B ypaBHeHNH (26) (ha30BbIe MHOXHUTEIU PA3HBIX
MAacCOBBIX KOMIIOHEHT pa3jMyHbl. B pesynbrate cocras
KOHEYHOTO COCTOSIHHUS |V;), OTJIHMYAaeTcs IO apoMaTaM OT
cocTaBa HAYaJILHOTO COCTOSIHUSI.

Hetitpuno perucrpupyrores B ciabeix CC- u NC-mpo-
neccax. Pasmarasi cocrosiHme |v;), HO IIOJHOH CHCTeMe
COCTOSIHUI HEUTPHHO |V ), MBI IIOJTy4aeM

3
v, =S i) | S Uni exp (i z)) Ui

I i=1

(27)

TakuMm 06pa3oM, BEpOSTHOCTh MEPexXoa v, — Vy 3a BpeMs ¢
BBIPAXKAETCS KaK

2
P(V/ — Vl/):

. L
51’1+Z UniU;; [exp <— iAm3 ﬁ) — 1]
i>2
(28)

3pech L &~ t — paccTOsSIHAE MEXy UCTOYHUKOM U JI€TEKTO-
pPOM HEUTPHUHO.

AHAJIOTHYHO TJTSI BEPOSITHOCTH TIepexoa V; — Vi HaxXo-
UM

2
P(V/ — \71/) =

. L
8,,,—&-2 U Uy [exp (— iAm} 2—E> - 1}

i=2
(29)

CootHotreHus (28) u (29) ctanu ctaHAapTHBIM BBIPAXKEHHUEM
JUIs1 BEPOSTHOCTH nepexoaa. OHO UCTIOJIb3yeTCs IPH aHAJIu3e
JTAHHBIX, TTOJIYYCHHBIX B 9KCIIEPUMEHTAX IO U3YYCHUIO HEWT-
PUHHBIX OCITHJIIISIIHIA.

MpbI 3HaeM, 4TO B IPUPOJIE CYIIECTBYIOT TPU HEUTPUHO C
omnpeneaéHHbIM apoMaTtoM. Ecin KoJIMYecTBO HEUTPHUHO C
omnpeleIEHHOW Maccoll TOoXe paBHO TpEM (CTEpHIIbHBIC
COCTOSIHUSI HEHTPUHO OTCYTCTBYIOT), TO BEPOSITHOCTH HEUT-
PUHHBIX MEPEXOJOB 3aBUCST OT JIBYX PA3HOCTEH KBAJpaTOB
macc, Am? u Am3;, a Taxke OT TapaMeTPOB, XAPAKTEPU3YIO-
IUX YHUTApHYIO 3 X 3-mMaTpuily cMemmBaHus (TpU yrjia u
omHa dasza).

W3 ananm3a 3KCepUMEHTAJBHBIX JAHHBIX CIEAYET, YTO
Am?, < Am3; v omun u3 yrios cmemmBanus (013) Mar. Jlerko
MmoKasaThb (CM., Hanpumep, [42]), 4To B BeIyIIeM MpHOIIIKe-
HUM OCHWILISAINYN, HaOJIFoJaeMble B SKCHEpHMEHTax Mo pe-
TUCTpalud aTMOC(HEPHBIX U PEaKTOPHBIX HEHTPHUHO, SIBJIS-
IOTCS ABYXHEUTPUHHBIMU OCHMJUIALMAMH V, — Vz.

J171g BepOSITHOCTU BBIKMBAHHMS V, HaxoouM u3 (28) cie-
JTyIoIllee BLIPAKCHHUE!

2

P(vy —vy) =1 —% sin®(2613) (1 — cos %) . (30)
B Beaymem npubimkeHun HaOIIOAaEMOE B PEaKTOPHOM
skcnepuMmente KamLAND (Kamioka Liquid Scintillator
Antineutrino Detector) ncue3HoBeHUE Ve OOBSICHSIETCS TIEpe-
XOJAMHU Ve — V,, ;. B 9TOM cilyyae BepOSTHOCTb BEDKUBAHUS
TaéTcst BIpaXKEHUEM

- _ 1. AmLL
P(Ve — V) =1 ) sm2(2012)(1 — cos TlEz> . (31

B 1998 r. B axcniepumente Super-Kamiokande B pe3ynbrate
MHOTOJICTHUX TE€POMYCCKUX YCHJIMHA OBLIM OOHApYKEHBI
ocHMJLISIMU aTMochepHbIX HeWTpuHo [43, 44]. Tak Haua-
JIACh 30JI0Tas dpa HEUTpUHHBIX ocruiuismuii. B 2001 r. B
skcniepumenTe SNO (Sudbury Neutrino Observatory) 6s110
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MOJIYYEHO MOJIEJIbHO-HE3aBUCUMOE J0Ka3aTeIbCTBO CyIIIe-
CTBOBAHUS OCUMJUISIUI COJTHEUHBIX HEUTpuUHO [45]. B 2002 1.
B skcriepuMenTe KamLAND OblIH OTKPBITHI OCHUJLISIIIAN
PEaKTOPHBIX HEUTPHUHO [46]. DTO OTKpBITHE OBLIO MOATBEPK-
JIEHO B HECKOJIbKMX HEJABHUX 3KCIIEPUMEHTAX 10 U3YYSHHUIO
OCIMJLISIIANA  YCKOPUTENIbHBIX [47—51] U peakTopHBIX [52—
54] HeWTpUHO.

OTKpBITHE OCHWJUISIIAN HEUTPUHO CTAJIO BEJMKUM TPH-
ymbom uzaeit b. [ToHTEKOPBO, KOTOPBIN MPHIIEN K MBICIH O
HEUTPUHHBIX OCUMJUISIUSX B TO BpeMsi, KOT4a OOJIbIIMHCTBO
(pU3UKOB CUMTAJIO, YTO HEHTPUHO HE MMEET MAacChl U HE
CYIIECTBYET HUKAKHAX OCHMJUISIHUNA, U MHOTHE TOIBI HEOT-
CTYIHO Pa3BUBAJ UACIO O MACCHUBHBIX, CMEIINBAIOIINXCS U
OCIMJTUPYIOIINX HEUTPUHO.

C Moeil TOuKH 3peHus, UCTOPHST HEUTPUHHBIX OCLUJIIIIS-
IUH WJUTFOCTPUPYET BAXXHOCTh HUCIHOJIb30BAHUS AHAJIOTUHN B
¢usnke, a TakXKe BaXHOCTb BBIABM)KEHHUSI HOBBIX CMEJIBIX
WJei, He BCerJa COTJIACYIOIIUXCS ¢ OOIIENPUHATHIMU Tpe-
CTaBJICHUSIMHU.

6. 3akarouenue

Mautble Macchl HEUTPUHO HE UMEIOT ECTECTBEHHOT O 00O bsICHE-
HUSI B paMKax CTaHJZAPTHOTO XHITCOBCKOTO MeXaHH3Ma
BO3HUKHOBEHHUS Macchl. s Takoro oObsCHEHNS TpeOyeTcs
HoBas (PM3MKa 3a MepeleiaMu cTannapTHoi moaeu. [pen-
Jlarajiocb MHoOTo Mojesieil. Hanbosee npaBaono1o6HbIM 1
JKU3HECTIOCOOHBIM MEXaHM3MOM OOpa30BaHHMS MAacC HEUT-
PUHO SIBIISIETCSl KaueJbHBIA MeXaHu3M [56—59], KoTopblid
CBSI3BIBAET MAJIOCTb MAacC HEUTPHUHO C HAPYILICHUEM JIETITOH-
HOTO YHcIia Ha 0OJIBIIIOM MaciuTae.

B nHaunbosiee o0miemM Buie KauveIbHBIM MEXaHU3M OBLI
chopMmympoBaH B noaxone 3()(GEeKTHBHOrO JarpaHXuaHa
[60]. DddexTuBHBII JarpaHkKUaH PA3MEPHOCTBIO 5 SIBJIS-
€TCSl HapYLIAIOIINMM JIENTOHHOE YUCIIO MPOU3BEACHUEM ABYX
JIEITOHHBIX TyOJIETOB U IBYX XUTTCOBCKHX TyOJIETOB, MHBA-
puanTHBEIM oTHocuTesbHO SU(2) x U(1)-mpeobpa3oBanuii.
CHoHTAaHHO Hapymas 3JeKTPOCIadyr0 CHMMETPHIO, 3TOT
3¢ ¢eKTUBHBI JIarpaH)XuaH MOPOXIAET MalopaHOBCKUI
MACCOBBII YJICH TOTO JX€ THIIA, KOTOPBI BIEpBbIC ObLIT pac-
cMmotpeH ['puboBbiM u TTonTekopBo [36]. B aToM moaxone
MaciiTab Mace HelTPUHO ompe/iesisieTcs TapamMeTpoM v2 /A,
rae v = (\/ZGF)71/2 ~ 246 I'3B — mnapamerp, xapakTepu-
3yIOLMl 3yIeKTpociaaboe HapyleHue, a /A XapakTepusyeT
MaciuTab HoBo#t ¢usuku. IMpu m; ~ 107! 3B MBI uMeem
A= 10" I'3B.

W3 MHOTOYHCIICHHBIX OJKCIIEPUMEHTAJBHBIX HMCCIIEA0Ba-
Huit cosmHeunblx HeWTpuHo (Homestake [4, 5], GALLEX-
GNO [7, 8], SAGE [9], Super-Kamiokande [61], SNO [45],
Borexino [62]) cienyeT, 4TO KCUE3HOBEHUE COJTHEUHBIX HEUT-
pHUHO (V) OOBSCHSETCS HE TOJILKO MacCO M CMEIIMBaHIEM
HEUTPUHO, HO U KOT€PEHTHBIM PACCESIHUEM HEUTPUHO B Be-
mectBe (3dpdext MuxeeBa — CmupHOBa — Bonbdenimreitna
(MCB) [63, 64)).

B MuHMMaNBbHOI cXeMe CMEIIMBAHUSl HEUTPUHO, BKIIIO-
qaroied B ceOsi Tpu apoMaTa U TPU MACCUBHBIX HEUTPHHO,
YHUTApHAs MaTPHULA CMEIIUBAHUS XapAKTEPU3YETCs] TPEeMsI
yriiamMu cMmemuBanusi, 01y, O3 u 013, u CP-pasoir 5. B
pe3yJibTaTe aHaIM3a JAaHHBIX SKCIEPUMEHTOB IO HEUTPHUH-
HBIM OCIMJLUISIIUSAM OBbLIO TOJIyYEHO, YTO B CAMOM TNEPBOM
MPUOTMKEHUH

1

sin 01, ~ sinfly; ~—, sinf3 ~0 (32)

1
% )
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U yHUTapHas Matpuna U uMmeeT TpuOMMaKCUMAITbHBIA BH/I.
DTH pe3yabTaThl JETJIH B OCHOBY MHOTHX paboT, B KOTOPBIX
MOAPOOHO HCCIEIOBAIMCH BO3MOXHOCTH HAapyUICHHS
JIUCKPETHBIX CAMMETPHIA B JISMITOHHOM CEKTOPE (CM., HAITPH-
mep, 0630p [65]).

OcHoBonousaratomue padotsl Bpyno IToHTexopBo 1o
MaccaM, CMEIIMBAHUIO ¥ OCIMILIALUSAM HEHTPUHO OTKPBLIU
HOBOE HaIpaBJIeHWE uccienoBanmii. B HacTosimee Bpemst
OCHMJUISIIIAM HEUTPHHO YK€ OOHAPYKEHBI M YETBhIpE Mapa-
MeTpa, XapaKTePU3YIoIIre OCIUJUISIIIAA HEUTPUHO, OMpe/ie-
JIEHBI ¢ TOYHOCTBIO 3—15 %. VM3yuenne ocumsuisinuii HEWT-
PUHO BBISIBUJIO HECKOJIBKO (DYHIAMEHTAJBHBIX NpobiieMm,
TpeOyroIIMX najibHelero uccieaoBanus. OCHOBHBIC W3
HUX CIIeTyFOIIHe:

1. SBasroTCst TN HEUTPUHO C OMPEAEIEHHBIMI MAacCCaMM
V; MAalOPaHOBCKUMU WJIM TUPAKOBCKUMU yacTunamu? Pere-
HHUEM 3TOH Ipo06JIeMbl CTAaHET OOHAPYKEHHUE HAPYIIAIOLIET O
JIENTOHHOE YHUCJIO Oe3HEHTPUHHOrO ABOWHOrO [B-pacmana
HEKOTOPBIX YETHO-YETHBIX SIIEP.

2. SIBisieTcst M MACCOBBIN CHIEKTP HEHTPHHO HOPMAJIb-
HbIM 1K 0OpaiéHHbIM? CyIIecTBYOLIUE JaHHBIE 110 OCIHII-
JISIUSM HEUTPUHO HE MO3BOJISIIOT PA3JIMYUTh CJICAYIOIIME
BO3MOJXKHBIE CIIEKTPBI MacC HEUTPUHO:

HOPMAJIBHBIN CIIEKTD, m| < niy < m3, Amlz2 < Am223,

OOpAIIEHHBII CIIEKTD, M3y < my < My, Amy, < |Ami).

3. KakoBbsI aO6COIFOTHBIE 3HAYCHHST MACC HEUTPUHO?

4.KakoBa BenmmunHa CP-pa3bl 6 — MOCIEIHET0 He-
M3BECTHOT'O MapaMeTpa MaTPHULBI CMEIMBAHNS HEUTPUHO?

5. CyecTBYIOT JIM IEPEXO0 Ikl AKTUBHBIX HEUTPUHO Ve, V,
U V; B CTEPIILHBIE COCTOSIHMS >?

Ha pemenne 3TuX BakKHEMIIUMX NPOOJIEM HAIEJICHBI
MHOTHE U3 TMPOBOAWMBIX N TJIAHUPYEMBIX HEUTPUHHBIX
9KCIIEPUMEHTOB.

B 1962 r. Maxu, HakaraBa u Cakara [67] HE3aBUCUMO OT
[ToHTeKOPBO MPUIILIK K HJee CYIIECTBOBAHHUS MacC M CMe-
muBaHusl HeWTpuHO. OHM OCHOBBIBAJIMCH Ha Nagoya-mo-
JIeJIA, B KOTOPOW HEUTPUHO PacCMATPUBAIIUCH KaK COCTAB-
Jisrorme 6apuoHoB. B pabote [67] oOcykmanack BO3MOX-
HOCTb Hepexoa ("BupTyanbHOil TpancMyTanuu') vy — Ve. B
3HaK IpHU3HAHUS ocHOBomojararonmx uaei [lontekopso u
Makn, HakaraBer u CakaTsl MaTpHUIly CMEIINBAHUSI HEUT-
puHO 0OBIMHO Ha3biBatoT MaTpuieii PMNS (Pontecorvo —
Maki—Nakagawa—Sakata).

BpyHo IToHTEKOPBO OHUM U3 MEPBBIX MOHS BAXHOCTh
HEUTPUHO 11 (PU3MKK JIEMEHTAPHBIX YaCTUIl U acTpodu-
3ukn. OH YyBCTBOBAJ M HMOHUMAJ HEHTPHHO, BO3MOXHO,
nyumre Bcex B mMupe. OH AymMall O HEWTPUHO BCIO XHU3HB
HauMHasi co BpemeHu paboTsl B Kaname. OH HHKOT/IA He
3aMBIKAJICS B Y3KAX TEOPETHYECKUX PAMKAX, MBICJIUJ IIH-
POKO, HENPEeAB3SITO, OYEHb CMEJIO, OTJIMYAsICh BEJIMKOJICH-
HBIMH UHTYUIMEH U HayYHBIM BKYCOM.

BpyHo TToHTEKOPBO OBbLT YEJIOBEKOM SIPKUM, 3PYAUPO-
BaHHBIM, HCKJIFOUHTEILHO HHTEPECHBIM U OUeHb IPYKETF00-
HbIM. JIronm ero JroOmim, Uy Hero ObLJIO MHOTO Jpy3el B
WUramumn, Poccuu, ®@pannuu, Kanane, BO MHOrHX Ipyrux
crpanax. OH y4acTBOBaJl B MHOTOYHCJICHHBIX KOH(epeH-
oUsIX, CeMUHApax U OUCKyccusix. Ero uérkue, JTaxoHWYHBIE
BOMPOCHI M 3aMEUYAHHSI UTPATI OTPOMHYIO POJIb B IPOSICHE-
HUH MHOTHX TIPOOJIEeM.

Nmsa bpyno IloHTekOpBO, OJHOrO M3 OCHOBATEJEH
COBpPEMEHHON (DU3MKU HEUTPHHO, BCerna OyIeT CBSI3aHO C

3 B macrosinee BpeMsl CYIIECTBYIOT HEKOTOPBIE YKA3aHUS B MOJIb3Y
CTEPUJIBHBIX HEUTPHHO (CM., HATIpUMep, [66]).
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HelTpuHOo. OH OCTaHeTCs B HAIlled NMaMATH W B HAIIUX
cepanax Kak BbIIAFOIIMNACS (U3UK U YeJIOBEK BBICOYAMIINX
JTyIIEBHBIX KAUYECTB.
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