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oQu una.nrfl oro oilflon eHTa Ha Auccepraufirc .(unrpnencrcoro Cepren f enxaArenn{a
ttlloncK Hefirpnnnrrx nranmoref,crsfifi H ucctleAoBaurre csoftsr* uefirpnno c
nomorrlbrc SJreKTpoIrHHx AerexTopor B oKcnepllMenre OPERA", npegcraBflennyx)
Ha c$rcxailHe yueHoft crerreuu KaxArtAara $uruxo-uateMarnqecrsx ilayn no
crr€unaJrbnocrn 01.04.16 - Snruxe aromiloro flApa r sJreueHTapnbrx qacrHlt.

,fiuccepraq4o{Hafl pa6ora C.f. IrrlHrpr{eBcKoro BbrrloJrHeHa B paMKax pa6or xo*na6opaquu
OPERA no o6napyxenuro ocuurnruufi MloonHbrx uefirpnHo n r-uefirpuno (vu*v') B

"3xcnepfiMeure Ha noffBreur.re". Xma Sarr ucve3HoBeHur arrraoc$epHbrx H ycKopI{TeJIbHhIX

MtooHHbrx nefrrpuno xopouo saSuxcnpoBaH, Aoxinarb nepexoA s r-HeftTpr.rxo MoxHo rollKo
sKcnepuMeHTaJrbrro o6Hapyxr.rn ux trosBileHHe B ny{Ke. Comacso nocfleAuefi ny6.mxaqsu
ro.nna6opaqur.r or 6-ro nrclr [arXiv:1507.01417], o4HNu H3 aBTopoB xoropoft.snfiserc.fl C.f.
flrvru'rpuencxnfi, o6HappK€H 5-ft raHau.{ar Ha pacnaA r-JrenroHa. Tarsna o6parou, BcfleA 3a

o6napyxenr.reM ocUnnnxttufi vu--ve B sKcnepuMeHTax TZK u MINOS, B[epBbIe HaAex(Ho, Ha

ypoBHe 5.1o, ycraHoBJreHo noflBJreHne r-HefiTpl{Ho B nfrKe flepBoHaqafibHbrx Mrooguux xeirrpuuo.
P*ymrar OPERA cyurecrBeuno ynyquraer AaHHHe sKcnepHMeHTa Super-Kamiokande c

aruoc$epHrruu nefirpr4Ho, 3apendcrpr.rpoBaBruero us6nrox t-xefirpuHo Ha ypoBHe 3.8o sa 8 ner
r,rsuepeHnfi.

.(uccegnaquoHHan pa6ora C.f. .{naarpnencroro nocBruleHa r43yqeHulo 3[e]crpoHH6rx

AeTeKTopoB gl(cn€pHMenra OPERA, rJraBHoe Ha3HaqeHHe Korophrx cocroflno a $oprrlnpoBa'/'Hht
TpHmepa B cucreMe c6opa AaHHbrx npu perncrpaquu uefitpuHo u u4eHruQHKaqHH cBHHrroBo-

3MyrLcr{oHHLrx Gfloxoe c nepuruxofi ueftrpnuuoro ssauMoAeficrBur Ans npoBeAeHr4t

nocJreAynuero aHaJrH3a unSopnraqnr.r B xgepHofi sMynbcun. B xoae sKcnepHMeHTa 3JreKTpoHHhre

AeTeKTOpbI HCUOfib3OBaJIHCb Anff peueHHs BaXHhrx He3aBaCHMbIX 3a,Aaq, TaKHX KaK H3rleHHe
noroKoB KocMr,rqecrlrx MrooHoB n H3MepeHHe cKopocrn HefrrpnHo.

Taxuu o6parou, aKryaJrbHocrb ncc:reAosaHgfi, IIpeAcraBJreHHbrx B Agccepraquosuofi
pa6ore, He BbI3HBaer con,luessfi.

.{rccegraunr C.f. ,{trrnrpueocKoro cocror4T H3 BBeAeH}Lfl, 4-x uan, 3ztKJIrcqeHHg H cnucKa
Jr?rreparypbr ns 133 Har4MeHoB€rHnfi. O6reM Ancceprarluu cocraBrser l4l crpaunqy, sKrroqas 74
pHcyHKail 15ra6nnu.

Bo BBegentlrr o6ocuosaHa aKTyalbHocrb reMbr nccregoeauufi, cQoprrlynnpoBaHbr qenu

AncceprarlhouHofi pa6oru, nepelncneHbr BbIHocHMbre Ha 3afl{HTy noJroxeHur r.r orMerreHa HayrrHas

HoBrl3Ha il npaKTr.rqecrcar 3xaqxMocrb noryqennbrx pe3ynmaroB. flpuae4eurr AaHHbre o
nybrNrcaqurx r,r anpo6ar.Hu pa6orbr, KparKo H3noxeHa crpyrclr'ypa Aucceprarrau.

B nepnofi r,raBe AaH AocraroqHo rroApobHrrfi o6sop r€operuqecxgx H gKcnepuMeHTaJrbHbrx

pa6or, HanpaBneHHhrx Ha H3yqeHHe ocqu.flrsufifi ueftrpuno. PaccuarpnBaercs BKnaA

3xsnepHMeHToB c conHeqHbrMu, aruocQepHbrMu, ycKopflTeJIbHbIMn H peaKTopHrtuu uefirpuHo B

orpeAeJreHue napaMerpoB Marprirlbr cMeuHBaHHt llonrexopno-Marcr-Hararaau-Caxaru (PMNS).
Onncusarorcr eKcnepuMeHTbr DONUT u CHORUS, ucnoJrr3oBaB[rue rexHonorflro flAepHbrx

$oroauymcufi Nw perucrparlulr r-JrenroHa Ao srcneprdMeHTa OPERA.
Bo nropofi qacru ilIaBbI odcyxaarurcr Borpochr H3MepeHHfl cKopocru nefirpuuo. Orueuaercx,

qro Bo3MoxHocrH rrpoBeAeHlt{ ycKopHTeJrbHbrx 3KcnepHMeHToB no rrpoBepKe orKiroHeHHE

cKopocru Heftrpnuo or cKopocrr.r cBera aKTHBHo o6cyxgaff{cr n {EPHe Haqr{Hiu c Kouqa 1990-x
rr., qeMy cnoco6creoBan pxA Teoperuqecxnx pa6or, paccMarpuBaeurrlx raKyro Bo3MoxHocr6.
flprEnoarrcs p*ynLTarbl 3KcnepHMeHToB no fl3MepeHuro cxopocrn HefirpnHo, BbrnoJrHeHHLrx Bo



FNAL e 1970-x rr. flolpo6no onncaH oxcnepnprexr MINOS, xoropHfi ssrRercs Haaboree
qyBcrBnTenbHbrM K orrfloueHuw vlc or eAHHHrlhr.

Otueueuo, qro cyulecrBeHHo 6onee crporoe (nprauepHo, Ha rpn nopr.qra) orpaHr.lqeHne Ha

orxi'roHeHl,te cKopocrl4 Hefirpnuo or cKopocru cBera 6rmo no.uyrleHo H3 AaHHbrx no perprcTpaunu
xefirpnHo or cnepxHosoft SNI987A.

Bropae ruIaBa nocBfuleHa onucaHr{ro HenocpeAcrBenuo oKcnepr4Menra OPERA, ocuoeHofi
ueJIbIo KoToporo tBJIfeTct npflMar perHcTpaqnr r-JrenToHa, polKAalorrlgroc.{ B peaKrIHH

3apsxeHnoro roKa npH B3aHMoAeficrsnr.r r-ueftrpr,luo, Koropbre noflBJlflIoTcrr B nepBoHaqarrbHoM
nyqxe MrcoHubrx HefirpnHo. lloapo6Ho onscaHbt flapaMerpbr HefirpxuHoro rryqKa e I-{EPHe,
IIoA3eMHat aaGopatopnr fpaH Cacco, o6qax crpyrTypa AereKropa OPERA H ero ocHoBHbrx
qacrefi - MnureHr{ l,r sMyJrbgr4ouHoro H 3neKTpoHHoro AereKTopoB.

Oco6oe BHuMaHHe yAeneHo onucaHulo narnbponxu r,r MoHHropHpoBaHHx rpexonofi cncreMbr
qeJIeyKa3aHHs, Koropafl orBercrBeHHa 3a HAeHru$uxauuu 6roxos MHrrreHH, coAepxarrlnx BepilruHy
sgauil{oAeficrBl4t ueftrpuuo. Bruaa aBTopa B AaHHyro r{acrb sr(cnepuMenra OPERA oi{eHb bo.nsruofi
H cyrqecrBeHHafl qacrb BHnoJrHeHHux pa6or BbrHocr.rrcf, Ha 3auIHTy.

B rperrefi rJraBe AerrubHo oflncaHbr parpa6oraHHbre aBTopoM Merorbr rror{cxa BepIfiHHbr
s:alaMoAefrcrBflt uefrrpuHo c noMou{b}o 3neKTpoHHHX AeTeKTopoB. Ars perueHHq srofi saxHeftruefi
3aftaqu rpynnoft OHfrH, npu aKTHBHoM yr{acrau aBTopa, 6ulu paspadorann cnoco6n aHaJrHBa

AaHHbtx 3neKTpoHHbIx AereKTopoB, TaKHe rcarc Sn.nsrparlHt cnrHanoB n rperonofi cncreMe
uereyxa:rilHnt, BKJlloqarcuas noAaBJreHr4e $ouonsrx cHrHaJroB vr ruryoB gJIeKTpoHHKr.t,

onpeAeJIeHHe HanpaBnellnt MlooHnofo rpeKa n ocu aApoHHoro JTHBHT r6rnsn Haqiua coburar,
oIrpeAeJIeHHe creHoK pl 6.nora MHTTJeHH c nan6olrurefi neporrHocrbro coAepxaulux BepurnHy
sgaxftroAeftcrBnfl.

rlgraepran rflaBa flocBflrtteHa H3MepeHHro cKopocru HefirpuHo B srcnepxMenre OPERA..{ns
onpeAeneHus MoMeHTa ssaxN{oAeficrBllfl Heftrpuxo B AereKTope rpynnofi OVlflVl 6un npe4noxeH H

paspa6oraH Hoeutfi MeToA MKloHHbrx rpeKoB, r.rcnonb3yroulufi sperueHHyro unsopuaquro cnrHaroB
or MlooHoB, TpeKH Koropbrx 6rl[u aoccraHoBJreHbr npn noMorrru 3JrercrpoHnhrx ,aereKropoB.
[ounuo MeroAa M[ooHHbIX TpeKoB, xolnaGopaqm HcnoJIL3oBana eue rpr Mero.{a AJIII
onpeAeneHl,It MoMeHTa esaul\,IoAeficrBr{s, oAHaKo Art nonyqeHus a6tep.uueuuoro pe3ynbrara 6ruu
HcnoJIb3oBaHbI pe3yJtbrarbl MeroAa OHflV H MeroAa, H3MepflBruero BpeMf, c noMorrILK) faSoBhrx
KaMep, nocKorbKy Hx crarncrntrecrue r,r cucreMarflqecxrde oruu6xu 6unu HaKMeHblInMI,l u
HaHMeHee KopFJrHpyrcuIHMH Mexqy co6ofi .

B raxrroqennu c$opMyJII4poBaHH ocHoBHbre pe3ynbrarbr, rroJrfreHHbre B Alrcceprardnouuoft
pa6ore.

Ilayrnar HoBrr3Ha peaynbraroB, flonyqeHHbrx B Ancceprarl]ru, cocrouT B cJreAyrcueM:
Paspa6or:aHu MeroAbI aHaJIu3a AaHHbrx gJreKTpoHHbrx AereKTopoB OPERA a-rrr noucKa

BeplilI'{Hbt seaHil{oAeftcrBHfl uefirpuuo B MI,!IIeHH 3KcnepHMeHralrsofi ycraHoBKH: Snnurparlar
cl4rHturoB n TCI{, BoccraHoBJleHrre MrooHHoro rpeKa H ocu aApoHHoro JrI,rBHr, onpeAeneHr.re creHKu
n 6noxa MHrrIeHH c BepttraHofi sg anMoAeficrlsuq ueftrpuHo. 3rra ue'roAu 6ulr,r obreguueHul n
eAlIHoM nporpaMMHoM naKere H npHMeHeHH Arrfl noucra r-uefirpnHo B nyqKe Hefirpuno ur
I]EPHa.

Parpa6orau MeroA onpeAeJreHr,Ifl MoMeHTa BpeMeHH esaulltoAeftcrBufl Heftrpuuo no cHrHffIaM
or MtooHoB, TpeKH Koropbrx 6unu peKoHcrpyupoBaHbr no AalrHbtM 3nercrpoHHbrx rereKtopon, C
IroMolrlblo 3Tofo MeroAa onpeAeneHa BeJrHqI{Ha oTKJIoHeHI{fl BpeMeHH nponera uefir'puno l,r

axruuefitpHHo Mex.e/ Llcror{Hl{Korra n I{EPHe H AereKTopou OPERA or oxuAaeMoro 3HarreHur H

AJln ycraHoBJIeHHfl HoBbrx orpaHuqexuit sa orKJroHeHHe cKopocrn HeftrprEno or cropocrn cBera.



Cneayer oco6o orMerxTb, rrro ocHoBHbre p$ynbrarLr Ar.rcceprauua AoKrraAbrBaJrucL aBTopoM

aa l4-ru MexlynapoAnux rou$epeHr.tnrx r.r HayqHbrx lrrKonax.
Ilparrr.recxan 3HaqnMocrb cocrouT, B nepByro oqepeAb B ToM, qro nofiyrreHHarr orIeHKa

I,BMeH€HLts Qyxrquu oTKJIHKa Hcnonb3yeMoro nJracrnlrecKoro cur,rHTuJrJrflTopa cepus UPS-923A co
BpeMoHeM * (1,7 L 0,2) %o e rOA - IIoATBepxAaeT Bo3MOx(HocTb Hcnonb3oBaHgt TaKHx AsTelffopoB B

6yayuux Dl(cnepnMernax.
O6ocHosannocrb H AocroBepuocrr pe3ynbraroB Auccepraqnu noATBepxAaercr reM, qro B

sefr ncno.rrb3ylorcfl crporue u anpo6uponaHHhre Merorbl H3MepeHHr napar\,rerpoB snexTpoHHbrx

AeTeKTOpOB, COBpeMeHHLIe MeTOAbr CTaTHCTr,tqeCKOrO aHaJrH3a, a TaKX€ COrJraCfieM C A aHHLIMLI

ApyrHX aBTopoB. B qacrHocrld, nocJteAHufi pesyrlrar eKcnepuMenra MINOS no usl,{epeHurc
cKopocrll HefirpnHo or 15 urcrr 2015 r. [arXiv:1507.04328v1], roropsrfi florBr{Jrcfl rrocne
HanHcaHl4ff AI4CCepTaIII4H, HaXOAT4TCfl B XOpOTXeM COrnaCHn C pe3ynbTaToM, BhtHOcHMOM Ha 3aU{HTy,

flo tuccepraquoHuoft paSore Mo)KHo cAeJrarb HeKoropue 3aMeqaunfl.
l. B pas4ene "Bregeuxn", npn nepeqncreHnr.r ocHoBononararcu1rtx pa6or, nocBrrrlenHLrx

oclrl4nJlflItptau nefirpnHo, cJreAoBaro 6u npr{Becru 3HaMeuuryrc pa6ory B.H. fpufona n E.M.
flourexopao (Phys. Lett. B 28 493 (1969)), n rotopofi BnepBbre 6nr parnur MareMaruqecxnfi

Qopruarrnrrtr, onucbrBax)utxft ocqun nrrluu MexAy pa3HbrMH Tr.rnaMH ueftrpuHo.
2. B cnucor pa6or, B Koroprlx 6rua npelrrpunflTa nepBu cepnr rronbrrox o6uapyxra'ru

oculurntquu nefirpuHo Ha peaKropax ILI BUGEY, Kpac*roapcxa, PALO VERDE n CHQAZ,
cJIeAoBaJIo 6u Ao6asflrr pa6orrt, BbInoJIHeHHbr€ rpynnofi Kypuaroncxoro Hucrutyra noA
pyroBoAcrBotrl JI.A. MurasmHa Ha pearcrope PoaeHcxofi A3C (nanprMep, flucrnra X3TO, 55,544
(1992)). Orusrnrrl raKxe, qro B npoqHTHpoBaHHoM 3xcnepr{MeuTe Ha peaKrope BUGEY (ccunra
[37]) rar pa: 6ruIo o6rsBneno o6 ncqesnoBeHur{ Hefirpnxo Ha paccroflHnu l8 MerpoB or soHbr
pearTopa Ha ypoBHe 3o. flpyrul,nr rpyilnaMn gTor pe3yJlbrar He 6Hr nolreepx.{eH.

3. B KaqecrBe ocHoBHbIx pe3ynbraroB Ar,rcceprallrru npnBeAeHhr BalKHbIe npegenbr Ha
orKnoHeune cropocrl,r xefirpuHo vt arnnHefirpuHo or cKopocTu cBera. flpetcrann.flercq
ecrecrBeHHblM B TeKcre Anccepral{HH cpaBHeHlre ronyqeHHblx p$yJrbTaToB c pe3ynbTaTaMr,r,

AocrlrrryrblMlt B .IIpyrHx pa6max. B 4xcceprarrur{ npr.rBeAeHbr ccErJrKll na pa6oru ronna6opauufi
LVD Borexino r.r ICARUS, oAHaKo caMnx.p$ynbraroB LVD, Borexino a ICARUS H r{x cpaBHeHr{.s
c p$ynbrarou xoruta6opallrn OPERA He IIpHBeAeso. BogrvroxHo, cne.qoBaJro 6u cpaaurrb Bc€

cyqecrBylouue pe3ynbrarbr no H3MepeHHro cKopocru Hefirpnuo r m4enrHoft ra6tuqe, a
oco6esxocrl,t sKcnepHMeHToB LVD, Borexino u ICARUS no [3MepeHr{ro cropocru Heftrpuno,
Koropble 6uurn HHLttlHHpoBaHbI nepBbrM orur6oqsnM pe3yJrbraroru OPERA, onncarb 6oaee
no.upo6uo.

Otueqesssle HeAocrarKl,r He MeHrIor B ueJIoM troJrornnTe[rnof, oqeunil Altccef]TaqnoHuoft
pa6otu C. f. lrranrpueacKoro. Ona nanncaHa xoporuHM r3brKoM, nparTur{ecKn orcyrerByror
3aMeqaHnfl x oQopruneHxrc pa6oru (pame, rrro Ha crp. 23 B npe.qfloxeHr.rn "B cpaBHeHr{H c
qepeHKoBcKHMH AereICropaMH BOREXINO o6naaaer 6'onrruupr aHepFerHqecKHM pillpeueHfleM
....", npnrafareJlbHo€ "6'orbttlxM" Mo)KHo 6ruo 6u 3aMeHltrb Ha "ryvutl,IM").

B pa6ore flonyqeHbl HoBbIe BDKHbre pelyJrbrarhr, cpeAu Koropbrx MoxHo BhrreJrr4Tb

cneAyprrlHe:
l. Paapa6oraHbl MeroAbI aHaJIIBa AaHHhrx 3JreKTpoHr{brx AereKTopoe OPERA AJrff noncKa

BepIITHHbI ggauiltoAefrcrBrlfl uefitpnuo, qro flo3Bormo o6napyxlrrb rrrrb co6uruft s3aui{oAeficrBr{f,
t-nefirpnno H TaKHM o6paronr HaAexHo ycranoBr{Tb HaJr}rqHe ocqr,{JrJrrqufi vr--+yr.

2. Paspa6oraH MeroA onpeAeJreHl{s MoMeHTa BpeMexr,r sgariluoAeficrBur nefi'rpuxo B Aererrope
OPERA no cHrHaJIaM or MIoclHoB, Tpern r(oropbrx 6uau peKoHcrpyupoBaHbr Ha ocuoBe ,{aHabrx



sJrercrpoHHbrx AereKTopoB. flpuueueuue MeroAa no3BonilJlo t{3Mepurb cKopocrl xeErpxxo c
Hc[onb3oBaHneM 3JreKTpoHHhrx AereKTopoB. Enaroaap.fl HauIHr{Hto MaTHHTHbIx clr€tmpoMerpoB B

ycraHolKe OPERA, yAaJrocb pa3AeJrbHo onpeAexl{rl cropocrn uefttpuxo u aurune*rpuHo, tlro

H€AocrynHo AII* Apyrux AereKTopoB uefir'puuo n fpan Cacco.

finccegnauun o$oprvureHa B coorBercrBua c rpe6oBaHHflMI4 BAK Poccuftcxoft Oeaepauuu.

Perylrrarn pa6mu flpeAcranrrsror Hnrepec .qJrr pr.qa ra6oparopafi H ueHTpoB, s HailJeff crpane -

Hfrm PAH (Mocrna), HI,I( <KypuaroncrcHfi uHcruryr> (Mocrea), HT3O HHt{ KH (Mocrna),

II^HAA HHII KH (C.-llerep6ypr) ra H<DB3 HHU KI4 (flpornnuo).
OcHonHue pffiynbrarbr .qllcceprauuoHHofi pa6otn tBJrtlorcfl opLIrHHarIbHbtMI{ LI noJryqenhl

BnepBbre. OHn o6ocnoaaHbr w yfiegtnenbHbr, xoporuo H3BecrHbI cneqHaJII.IcraM H ony6luxoaaHu n

BeAyrulrx sreqecrBeHHbrx H sapy6exrnrx Quruuecrnx xypHaJrax. B ueilou Ailcceprauuonutfl
pa6ora BHroJrHeHa Ha BurconoM HayqHoM ypoBne, coorBercrBylolrleu ypoBHHt IrIKoJrbI

nefrrpnnnofi $nrnrn OUlfln, ona orBeqaer BcsM rpe6oneHnfu,IrpeAbflBllfleilrbtm x pa6orau
Ha coucranne yrrenoft crenenu KaHAHAara Sur.-mar. HayK, a ee anTop C.I..{mnrpnencnnf,
3ac.il!fl(uBaer trpncyiltaerrfis eMy y.rurof, crenenn KaHAHAtra Snruro-uareMarttqecxax trayn.

Arrope$epar npaBr.{nbHo orpilKaer coAepxaHue A}IcceprallfiI{.

OQuunanuHHfi onnouexr, ., .4
negyqnfi uaytxnfi corpyAHHK nVIflA HkIII KH, /;/^
Aorrop $nsnxo-uareMarusecKnx HayK 
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