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Pa6oTa BhiiiOJIHeHa B Jia6opaTopnn TeopeTnqecKoii ¢n3IIKH HM. 

H. H. Boromo6oBa 06'be,IJ;IIHeHHoro HHCTHTyTa 5I,ll;epHhiX nccne,n;onaHnii. 

Hay"!Hhiii pyKoao,n;nTeJih: K. ¢.-M. H. B. A. HayMOB 

Ocpnu;naJibHhie OITITOHeHTbi: ,n;. ¢.-M. H. A. r. 0JibiiieBCKHH 

Be,n;yru;a51 opraHn3au;n.s~: 

( Jia6opaTopn5I 5I,t(epHhiX rrpo6neM 

HM. B. IT. ,ll;:tKenerroBa OI15II1, 

r. ,[tr6Ha) 

,n;. ¢.-M. H. JI. B. BonKoBa 

(I1HCTHTJT 5I,IJ;epHbiX IICCJIC,IJ;OBaHIIH 

PAH, r. MocKBa) 

MocKOBCKnii rocy,n;apcTBeHHhiH yHn­

BepcnTeT HM. M. B. JloMoHocoBa, 

r. MocKBa 

3aiiJ,HTa ,ll;HCCepTaiJ,HH COCTOHTC5I << >> 2009 ro,n;a, B 15.00 Ha 

3ace,n;aHHH ,n;nccepTaiJ,HOHHoro coBeTa ·,n; 720.00i.Ol rrpii Jia6opaTopiiii 

TeopeTnqecKoii ¢n3HKH HM. H. H. Boromo6oBa 06'be,n;nHeHHoro IIHCTII­

TyTa .H,n;epHhiX nccne,n;oBaHnii, r. ,[tr6Ha MocKOBCKoii o6n. 

C ,ll;HCCepTaiJ,HeH MO:tKHO 03HaKOMHThC5I B 6n6JIHOTeKe 06'be,IJ;HHeHHOrO 

HHCTHTJTa 5I,IJ;epHbiX HCCJie,IJ;OBaHHH. 

ABTope¢epaT pa3ocnaH << >> 2009 ro,n;a 

Y9eHhi:i1 ceKpeTaph ,n;nccepTau,noHHoro coBeTa 

~#~~ 
K. ¢.-M. H. A. B. Ap6y30B 

06m;ru~ xapru<TepHCTHKa ,n;nccepTau,nn. 

AKTYa.JihHOCTh TeMhi. 

Ha,n;e:>KHOe omrcaHIIe B3am.w,n;eiicTBIIM HeiiTpiiHO c HYKJIOHa:MII II .H,n;pa.MII 

He06XO,ll;IIMO ,ll;JI.H o6pa60TKII II IIHTCpiipeTaiJ.IIII pe3JJihTaTOB COBpCMCHHbiX 

II nnaHIIpyeMhiX 3KCnepiiMeHTOB c nyqKaMII ycKopiiTeJibHhiX II an.wccpep- · 

HhiX HeiiTpiiHO (Super-Kamiokande, MiniBooNE, MINOS, ICARUS, MONO­

LITH, OPERA, !caNOE II ,n;p.), npe,n;Ha3Ha9eHHhiX ,n;n.H II3J9CHII.H HeiiTpiiH­

HhiX OCIJ.IIJIJI.HIJ.IIM, KBaHTOBOM ,ll;CKOrepeHTHOCTII, CTa6IIJibHOCTII HCMTpiiHO, 

HCCTaH,n;apTHbiX B3aiiMO,ll;CMCTBIIM HCMTpiiHO C BCIIJ.CCTBOI\I II ,n;pyriiX He06bi9-

HbiX .HBJICHIIM c yqacTIIeM HeiiTpiiHO, a TaK:>Ke ,n;n.H 3KcnepiiMeHTOB c acT­

pocpii3II9eCKIIMII HCMTpiiHO BbiCOKI!X II CBCpXBbiCOKIIX 3HepriiM ( TaKIIX KaK 

AMANDA, BAIKAL, IceCube, ANTARES, NESTOR, NEMO), Har.J,eneHnhrx 

Ha II3J9CHIIC CBOMCTB CCTCCTBCHHbiX acTpOcpii3II9CCKIIX YCKOpiiTCJICM 9aCTIIIJ,. 

AKKypaTnhre pacqeTbi ,n;IIcpcpepenu.IIaJibHhrx II nonnhrx ceqeniiti. B3aiiMO­

,n;eiicTBII.H neti.Tpiino c nyKnonaMII II .H,n;paMII qpe3Bhi9all:no Ba:>Knhr ,n;n.H 3KC­

nepiiMeHTOB no IIOIICKY pacna,n;a npoTona, nn-uepexo,n;bB B .H,n;pax II ,n;pyriix 

pe,n;KIIX II 330TCpii9CCKIIX IIpOIJ.CCCOB, IIpC,ll;CKa3biBae.MbiX COBpeMCHHbi.MII MO­

,ll;CJI.HMII BeniiKoro 06'be,ll;IIHeHII.H, nocKOJihKY B TaKIIX 3KcnepiiMenTax B3a­

IIMO,n;eiicTBII.H HCMTpiiHO (B OCHOBHOM anvroccpepHOJ;'O IIpOIICXO)K,ll;CHII.H) C BC­

IIJ.CCTBOM ,ll;CTCKTOpa .HBJI.HIOTC.H rJiaBHbiM, 3KCIICpiiMCHTaJibHO HeycTpaHIIMbi!vl 

IICT09HIIKO.M cpOHOBbiX C06hiTIIM. 

B nacTO.HIIJ.CC BpeM.H OTCYTCTByeT e,n;IIHa.H o6ru.enpiiHRTaR MO,ll;CJih pacqe­

Ta CC9CHIIH CC B3aiiMO,ll;CMCTBIIM HCHTpiiHO C HYKJIOHaMII II 5I,ll;paMII, IIpii­

MCHIIMa.H B IIIIIpOKOM 06JiaCTII 3Hepriiti. HCHTpiiHO, - OT OKOJIOIIOpOrOBbiX ,ll;O 

cnepxBhiCOKIIX. Tpa.n;IIIJ.IIOHHhiM no,n;xo,n;o.M K perneHIIIO npo6neMhi .HBJI.HeT­

C.H IICIIOJib30BaHIIC cynepii03IIIJ.IIII OCHOBHbiX BKJia,ll;OB, OIIIICbiBaiOIIJ.IIX KBa-

3IIJIIpyroe paCCC5IHIIC HCMTpiiHO ( C 3ap.H:>KCHHbll\III JICIITOHa:MII B KOHC9HOl\l 

COCTO.HHIIII, COIIpOBO:>K,ll;aCl\108 nepe3ap.H,ll;KOH HYKJIOHOB IIJIII pO:>K,ll;CHIICl\l Jier­

KIIX rrmepOHOB), neynpyroe P?:>K.hmme O,ll;IIH09HbiX IIIIOHOB ( C 6apiiOHHbll\lii 

pe3onanca.MII B npo.Me:>KyT09HOM cocTO.HHIIII) II rny6oKoneynpyroe pacce.Hniie 

( OIIIICbiBaeMOC B paMKax KBapK-IIapTOHHOH .MO,ll;CJIII, C KBapKOBbiMII pacnpe­

,ll;CJICHII.H.MII, II3BJICKaCMbiMII II3 ,n;aHHbiX IIO paCCC.HHIIIO 3ap.H:>KCHHbiX JICIITO­

HOB II ·HeiiTpiino BhiCOKIIX 3Hepriiii Ha HYKJIOnax). Mnor,n;a, Hap.H,n;y c ,ll;OMIIHII­

pyroiiJ,IIMII BKJia,n;aMII, J9IITbiBaiOTC5I IIOIIpaBKII, o6yCJIOBJICHHbiC HeynpyriiMII 

peaKIJ.II.HMII pe30HaHCHOrO pO)K,ll;CHII.H HCCKOJibKIIX ( 06bi9HO ,ll;BJX) IIIIOHOB, 

O,ll;IIHO<i:HbiX KaOHOB II 1]-MC30HOB, a TaK:>KC KOrepeHTHOrO paCCC.HHII.H HCMTpii­

HO Ha .H,n;pax. <l>II3II9CCKIIM 6a3IICOM TaKOrO IIO,ll;XO,ll;a CJIJ:>KIIT, pa3JMCCTC.H, 

KOHIJ,CIIIJ.II.H KBapK-a,n;pOHHOH ,ll;YaJibHOCTII. 

O,n;IIH II3 ocHOBHhiX IICT09HIIKOB CIICTeMaTII9CCKOti. oum6Kii pacqeTa ceqe­

HIIii, OCHOBaHHOro Ha OIIJWOO~!l~lffi9A£S.~~~~H\~pJf¥Yfneonpe,n;eneHHOCTbiO rpa-

I,lJ,CpHhiX HCCJ1e,D;OBa!II1II 

nHBnTilbTL'T'A I D"~ Yl r_,n_ , 



HIUJ; KHHel\IaTil'IeCKllX 06JiaCTeli, B npe,n;eJiaX KOTOphiX npllll!eHII!\Ihl MO,II;eJIH 

,n;mi onHCaHHH 3KCKJII03HBHhiX ll HHKJII03HBHhiX peaKU.Hll, nOCKOJihKY KOHU.en­

U.HH ,II;YaJihHOCTH caMa no ce6e He ,n;aeT peu.enTa ,II;JIH KOJIIPieCTBeHHoro onpe,n;e­

JieHHH 3THX rpaHHU.. 06hi'IHO OHM cPHKCHpyiOTCH 3Ha'!eHH5IMH HHBapHaHTHhiX 

Mace KOHe'IHhiX a,n;pOHHhiX COCTOHHIIH B pe30HaHCHOM (RES) II rJiy60KOHe­

ynpyrO!\I (DIS) BKJia,n;ax (Wc~~S II WPu~S, COOTBeTCTBeHHO). HenpaBHJihHhifi 

Bhi6op 3Ha'IeHHll 3THX napaMeTpOB MO)f(eT npHBeCTH JIH60 K ,II;BOllHO!\!Y yqe­

Ty, JIH6o K He,n;oy'IeTy RES II DIS BKJia,n;oB B cyMMapHhre (,n;H<P<l>epeHU.H­

aJihHhie II nOJIHhie) Ce'IeHHH II, KaK pe3y,J;IhTaT, K cym;eCTBeHHhl!\1 OniH6KaM, 

llCKa)f(aiOTIJ;HM a6COJIIOTHYIO BeJIH'IHHy Ce'IeHnfi II llX 3aBHCHMOCTh OT KHHe­

MaTH'IeCKllfi nepeMeHHhiX. Y'IeT nonpaBOK Ha MHO)f(eCTBeHHOCTh KOHe'IHhiX 

nHOHOB yMeHhlliaeT pe3yJihTHpyrom;yiO OniH6Ky paC'!eTa O'IeHh He3Ha'IHTeJih­

HO, nOCKOJihKY 3aBHCHMOCTh MHO)f(eCTBeHHOCTH OT llHBapHaHTHOfi MaCChi W 
B pe30HaHCHOll o6JiaCTH MO)f(eT 6hiTh Onpe,n;eJieHa B HaCTOHlll.ee BpeMH Jlllllih 

3MnllpH'IeCKH II C ,II;OBOJihHO 60JihTIIOfi HeOnpe,n;eJieHHOCThiO. 

,UpyrnM, He MeHee cym;eCTBeHHhiM llCTO'IHHKOM CllCT~IaTH'IeCKOll OTIIH6-

Kll, HBJIHeTCH HeOnpe,LI.eJieHHOCTh 3Ha'IeHHfi TaK Ha3hiBaeMhiX aKCHaJihHhiX 

Mace HYKJIOHa, M~ES n MJ:-E8 , - <PeHoMeHOJiorH'IecKnx napaMeTpoB, KOTO­

Phie onpe,n;eJIHIOT Q2
-3aBHCHMOCTh ynpyrHx II nepexo,LI.HhiX aKCHaJihHO-BeK­

TOpHhiX cPOpM-cPaKTOpOB, ,LI.a!Olll.IIX 60JihTIIOfi BKJia,LI. B aMnJIHTY,LI.hl KBa3HY­

npyrHX II pe30HaHCHhiX peaKU.Hfi. 3Ha'!eHH5I 3TllX napaMeTpOB noKa He MoryT 

6hiTh nOJiy'IeHhi <<ll3 ITepBhiX npHHU.HITOB>> II, HeCMOTpH Ha OrpO!\IHOe 'IIICJIO 

3KCnepHMeHTOB, H3MepeHhi C 60JihlliHMH OTIIH6KaMH,.ITpH'Ie!II ,LI.aHHhie pa3Hh!X 

3KCITepHMeHTOB ITJIOXO COrJiaCyiOTCH ,LI.pyr C ,LI.pyrOM ,LI.a)f(e B ITpe,LI.eJiax OTIIH-

6oK, 'ITO CBH3aHo OT'IaCTH c pa3JIH'IHeM MeTO,LI.HK H3BJie'!eHHH M~Es II MJ{Es 
H3 ,n;aHHhiX H3MepeHHfi, a TaK)f(e c pa3JIH'!HeM TeopeTH'IeCKHX MO,LI.eJieli v N II 

i7N-B3allMO,LI.efiCTBllll II yqeTa H,LI.epHhiX 3cPcPeKTOB, llCITOJih3yeMhiX ITpll o6pa-

60TKe .n.aHHhiX. Bee 3To BHOCHT 3Ha'IHTeJihHYIO HeoiTpe,n;eJieHHOCTh B pacqe­

Thi COOTBeTCTBYIOTIJ;HX BKJia,LI.OB B CYMMapHhie Ce'IeHHH HeHTpHHO-HYKJIOHHhiX 

B3aHMO,LI.efiCTBHfi. 

II;eJib pa6oTbi. 

Ha OCHOBe rJio6aJihHoro CTaTHCTn'IeCKOro aHaJIH3a ,LI.aHHhiX ITO .LI.H<P<Pe­

peHU.HaJihHhiiii II nOJIHhiM Ce'IeHHHM 3KCKJII03HBHhiX II HHKJII03HBHhiX peaK­

ll.Hll pacceHHIIH HefiTpHHO ll aHTHHeliTpllHO Ha CB060,LI.HhiX HYKJIOHaX II H,LI.pax 

II3BJie'Ih HanJiyqrnne 3Ha'!eHIIH aKcnanhHhiX Mace M~ES II MJ{ES II napaMeT­

poB KIIHeMaTII'IeCKOrO o6pe3aHHH Wc~~S II Wc~~S. 
______ HayqHruJ: HOBH3Ha II npaKTHqecKrui u;eHHOCTb. 

CoBMeCTHhili cTaTIICTH'IeCKHli aHaJIII3 Bcex .n.ocTynHhiX .n.aHHhiX no ITOJI­

HhiM II ,ll.IIcPcPepeHU.IIaJihHhiM Ce'IeHIIHM Ka3HynpyrorO pacCeHHIIH HeHTpiiHO 

II aHTHHefiTpllHO Ha pa3JIII'IHhiX H,LI.epHhiX MlliiieHHX HBJIHeTCH Haii60Jiee ITOJI­

Hhll\1 II TO'IHhiM. He3aBIICIIMhrfi cTaTIICTII'IeCKIIH aHaJIII3, rrpoBe,LI.eHHhiH Ha 
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OCHOBe rrepBH'IIIhiX (He ITepeC'IHTaHHhiX K Ce'IeHIIHM) 3KCITepi1MeHTaJihHhiX 

.n.aHHhiX 6hiJI BhiiiOJIHeH B He,LI.aBHeli cepiiii pa6oT Bo.n.eKa II ,n;p. [1] ,LI.JIH Bhi-

6opKI1 ,LI.aHHhiX HeHTpiiHHhiX 3KCITepi1MeHTOB Ha ,LI.efiTepiieBhiX Ii BO,LI.OpO,ll.HhiX 

MIITIIeHHX. 3Ha'IeHH5I <<KBa3IIyiTpyroli>> aKCIIaJihHOfi MaCChi }.J~ES (BKJIIO'IaH 

COOTBeTCTBYIOTIJ;YIO HeOITpe,n;eJieHHOCTh), Hafi,LI.eHHhie B o60IIX aHaJIII3aX, XO­

porno corJiacyroTCH .n.pyr c ,n;pyroM n MOrJT 6hiTh peKOMeH,LI.OBaHhi ,LI.JIH npaK- . 

TII'IeCKOrO ITpiiMeHeHIIH B Ka'IeCTB{l <<CTaH,LI.apTHhiX>>. 

BITepBhie 3Ha'!eHHe <<pe3oHaHcHOfi>> aKCIIaJihHOfi 1\Iacchr JVJJ{ES H3BJie'IeHo 

Il3 CTaTHCTII'IeCKOrO aHaJII13a ITOJIHOrO Ha6opa 3KCITepnMeHTaJihHhiX ,LI.aHHhiX 

ITO Ce'!eHIIHM HeyiTpyroro pacceHHIIH HefiTpiiHO II aHTHHellTpiiHO Ha HyKJIOHaX 

II H,n;pax C pO)K,ll.eHIIeM O,ll.IIHO'IHhiX ITIIOHOB (l7r peaKU.IIll) Ha OCHOBe ycOBep­

TIIeHCTBOBaHHOll pe3oHaHcHoli MO,LI.eJIII PefiHa-Cerana, Y'IIIThiBaiom;efi IIHTep­

<Pepnpyiom;IIe BKJia,LI.hi 18-Tn 6apno~HhiX pe30HaHcOB. IloJiy'IeHHOe 3Ha'!eHIIe 

MJ{ES OTJIH'IaeTCH OT M~ES B npe,n;eJiax rv 3 CTaH,n;apTHhiX OTKJIOHeHIIli; 9TOT 

pe3yJihTaT CJie,n;yeT Y'IHThiBaTh B pac'IeTaX pe30HaHCHhiX BKJia,LI.OB ITpii MO,LI.e­

JIIIpOBaHIIH II o6pa60TKe pe3yJihTaTOB HefiTpHHHhiX 3KCITepHMeHTOB. 

BITepBhie 3Ha'IeHIIH aKcHaJihHhiX Mace lv/~ES, Jvf;{ES II KHHeMaTwieCKHX 

o6pe3aHIIfi wc~~s' WPu~8 ITOJiy'IeHbi H3 COBMeCTHOro rJio6aJibHOro CTaTHCTII­

qecKoro aHaJIII3a 3KCITepiiMeHTaJihHhiX .n.aHHhiX ITO .LI.II<P<PepeHu.IIaJihHhiM II 

nOJIHhiM Ce'!eHHHM KBa3IIyiTpyrHX peaKU.IIH, peaK';J.IIfi pacceHHIIH C pO)f(,LI.e­

HIIeM O,ll.llHO'IHhiX ITHOHOB II HHKJII03HBHhiX peaKU.Iill pacceHHHH HefiTpiiHO II 

aHTIIHefiTpiiHO Ha pa3Jill'IHhiX . H,LI.epHbiX MHIIIeHHX. IloJiy'IeHHhie 3Ha'!eHH5I 

M~ES, M;{E8 xoporno corJiacyroTCH co 3Ha'IeHIIHMII, II3BJie'IeHHhiMH Il3 aHa­

JIII3a ,LI.aHHhiX, OTHOCHTIJ;IIXCH TOJihKO K COOTBeTCTBYIOlll.HM 3KCKJII03HBHhl!\l Ka­

HaJiaM II CJia6o 3aBIICHT OT HCITOJih30BaHHOll MO,LI.eJIII ITapTOHHhiX paCITpe,LI.eJie­

Hllfi (PDF). 06a <PaKTa MO)f(HO paccMaTpiiBaTh KaK xopornee ITO,ll.TBep)f(,LI.e­

HIIe CaMOCOrJiaCOBaHHOCTH aHaJIII3a. 

Hafi,LI.eHHhie 3Ha'!eHIIH wc~~s n wc~~s OKa3hiBaiOTCH paBHhiMH .n.pyr .n.pyry 

B ITpe,LI.eJiaX CBOIIX ,ll.OBepiiTeJihHhiX HHTepBaJIOB, 'ITO MO)f(eT paCCMaTpiiBaTb­

CH KaK nO,LI.TBep)f(,ll.eHne KOpp~KTifOCTH ITpHHHTOfi CXe!llhi pac'IeTa II, CJie,LI.O­

BaTeJibHO, KaK Ka'IeCTBeHHOe nO,LI.TBep)f(,ll.eHHe riiiTOTe3hi KBapK-a,LI.pOHHOll ,II;Y­

aJihHOCTH B IIHTerpaJibHOM (HO OTHIO,ll.h He B ,ll.IIcPcPepeHU.HaJihHOM) C!\IhiCJie. C 

.n.pyroli CTOpOHhi, 3Ha'IeHH5I wc~~s II wc~~s CIIJlhHO 3aBIICHT OT MO,LI.eJIII PDF, 

'ITO ITpHBO,ll.IIT He TOJihKO K 3Ha'IIITeJihHOll pa3HIIU.e a6cOJIIOTHhiX 3Ha'IeHHfi 

CYMMapHbiX ITOJIHhiX II ,ll.IIcP<PepeHU.IIaJihHhiX Ce'IeHIIfi, HO II K CIIJlhHhiM Ba­

piiaU.IIH.l\1 OTHOTIIeHnfi Ce'IeHIIfi MIOOHHhiX II 3JieKTpOHHhiX (aHTH)HefiTpi1H0
1

. 

IlpeHe6pe)f(eHIIe 3TIIM 3cPcPeKTOM MO)f(eT He TOJihKO KOJIII'IeCTBeHHO, HO II Ka­

'IeCTBeHHO nOBJIHHTh Ha IIHTepiTpeTaU.IIIO pe3yJihTaTOB OCU.HJIJIHU.HOHHhiX 3KC-

1lb-3a Bb!COKOrO nopora pom,n;eH!U! T-JiellTOHa, MO,ll;eJibHaH 3aBIICII!\!OCTb VTN- II TJTN­

Ce'!eHIIfi 0Ka3biBaeTCH 3Ha'lHTeJibHO CJia6ee. 
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nepiiMeHTOB C YCKOpiiTeJibHbJMII II aTMOCcpepHbiMII Heil:TpiiHO, B. qaCTHOCTII, 
Ha 3Ha'1eHII51 napaMeTpOB CMeJIIIIBaHIIH Heil:TpiiHO, II3BJieKaeMbiX npn o6pa-

60TKe ,n:aHHhiX. Mo:m:no na,n:eHThCH, 'ITO pe3yJihTaTbi upone,n:ennoro aHaJIII3a 

6y)l;YT IICJIOJib30BaHbl B 6y,n:yrn;nx 3KCTiepiiMeHTaX Ha JIO)l;3eMHbiX ,n:eTeKTO­

paX II U03BOJI5IT 3KCUepnMeHTaTOpaM C)l;eJiaTb OC03HaHHbJil: BbJ60p MO)l;eJIII 

napTOHHhiX pacnpe,n:eJieHIIil:, HaiiJIY'IJIJIIM o6pa30M OUIIChiBaJOJIJ;eil: BCIO COBQ­

KYTIHOCTb ycKopiiTeJihHhiX ,n:aHHhiX no neil:TpiiHHhiM B3am.w,n:eil:cTnnHM. 

Ha ocnone noJiy'leHHhiX pe3yJihTaToB no,n:po6no n3yqena anepreTn'lecKaH 

II yrJIOBaH 3aBIICIIMOCTb BeKTOpa UOJIHpii3aiJ,IIII JieTITOHOB, po:m:,n:aiOJIJ;IIXCH 
.• J 

B KBa3IIynpyriiX peaKIJ,IIHX pacCeHHIIH Heil:TpiiHO II aHTIIHeil:TpiiHO Ha HyK-

JIOHaX. Ou;eneHbi B03MO:lKHhie acpcpeKThi 3a C'leT BKJia,n:on necTan,n:apTHhrx 

3apH:m:eHHhiX TOKOB BTOpOro po,n:a. Y'leT UOJI51pii3aiJ,IIOHHhiX 3cpcpeKTOB B 

Heil::TpiiHO-HYKJIOHHhiX B3am,w,n:eil::CTBIIHX cym;eCTBeH )l;JIH aHaJIII3a II liHTep­

npeTaiJ,IIII ,n:aHHbiX 6y)l;YJIJ;IIX npeiJ,II3IIOHHhiX 3KCUepnMeHTOB C HII3KIIM nOpO­

rOM periiCTpau;nn JieTITOHOB, B 'laCTHOCTII, )l;JIH n,n:eHTIIcpnKaiJ,IIII C06bJTIIH C 

T-JienTOHOM B KOHe'IHOM COCTOHHIIII. fl 

Arrpo6a:u;na pa6oTbi. 

Pe3yJihTaThi, noJiy'leHHhie n ,n:IIccepTau;IIn, ,n:oKJia)l;hiBaJIIICh na nay'IHhiX 

CeMIIHapaX Kacpe,n:phl TeopeTU'leCKOH cpii3IIKII HpKyTCKOrO rocy,n:apCTBeHHO­

ro yniinepciiTeTa, r. HpKyTcK; Jia6opaTopnii TeopeTII'lecKoil: cpii3IIKn nM. 

H. H. Boromo6ona 06'he)l;IIHennoro nncTnTyTa H,n:epHhiX nccJie,n:onannil:: (OH­

.HH), r. ,Ilj6na; rocy,n:apcTBeHHOro nayqnoro u;eHTpa P<I> HHCTIITyTa Teope­

TII'leCKOH II 3KcnepiiMeHTaJihHOil: cpn3IIKII nM. A. H. AJIIIXanona (HT9<I>), r. 

MocKna; Instituto Nazionale di Fisica Nucleare (INFN), Sezione di Bari, Bari, 

Italy; Theoretical Division, High Energy Accelerator Research Organization 

(KEK), Tsukuba, Japan. 

Pe3yJihTaThi, noJiy'leHHhie B ,n:IIccepTaiJ,nii, ,n:oKJia,n:hiBaJIIICh na VIII Hay'l{,­
'Jiou 'IW'Hrfiepewu,uu Mo.~toa'btX y'l{,e'H'btx u cne'Llua.~tucmoe OH.HH, 2-6 ¢enpanH, 

2004, r. ,Ilj6na; 3rd International Workshop on neutrino-nucleus interactions 
in the few Ge V region {Nuint'04}, March 17- 21, 2004, Gran Sasso, Assergi, 

Italy; V International Conference on non-accelerator new physics {NANP' 
05}, June 20-25, 2004, Dubna, Russia; XXth Max Born Symposium, Decem­

ber 7- 10, 2005, Wrodaw, Poland. 

HccJie,n:onannH no TeMe ,n:nccepTau;nii BhiTIOJIHeHhi npn ¢nnanconoil: no,n:­

,n:ep:m:Ke HT9<I> IIM. A. H. AJinxanona B paMKax nporpaMMhi cpiiHaHciipona­

HIIH pa6oT MOJIOfJ:hiX yqenhiX B 2006 ro,n:y II Pocciiil:cKoro ¢on,n:a cpyn,n:aMeH­

TaJihH~IX IICCJie)l;OBaHIIH B paMKax rpaHTa 07-02-00215-a. 
IlyfiJIMKa:u;MM. 

ITo MaTepiiaJiaM ,n:IIccepTaiJ,IIII ony6JIIIKOBaHo 10 pa6oT. 

06'beM n CTPYKTypa ,D;nccepTa:u;nn. 

' LI:IIccepTaiJ,IIH COCTOIIT ll3 Bne,n:eHIIH, Tpex rJiaB, 3aKJII0'1eHII51 II rneCTII 
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llpiiJIO:lKeHIIH. 06m;nil: 06'beM COCTaBJIHeT 165 CTpannu;, B KOTOphie BKJIIO'leHhi 

102 piiCYHKa II 18 Ta6JIUIJ,. 

Co,D;ep)KruiHe ,D;HccepTa:u;nn. 

B rrepBoif rnane o6cy:m:,n:aJOTCH TeopeTII'leCKIIe acneKThi pac'leTa ceqe­

nnil: peaKIJ,IIll pacceHHIIH HefiTpiiHO II aHTIIHefiTpiiHO Ha HYKJIOHaX, IIH)l;YIJ,II­

poBaHHOrO 3apH:lKeHHhiMII TOKaMII .. lloJiy'leHhl Bhlpa:lKeHIIH )l;JIH 3JieMeHTOB 

nOJI5Ipii3aiJ,IIOHHOll MaTpiiiJ,hi nJIOTHOCTII JienTOHOB. 

IIoJiy'leHhi ,n:IIcpcpepeHIJ,IIaJihHhie ceqeniiH KBa3IIynpyriix peaKIJ,IIil: pacce­

HHIIH HefiTpiiHO II aHTIIHeil::TpiiHO Ha HYKJIOHaX C COXpaHeHIIeM riinep3apH,n:a 

(D.Y = 0) II pacceHHIIH aHTIIHei:J:TpiiHO C II3MeHeHIIeM rnnep3apH,n:a Ha e,n:II­

HIIIJ;Y (D.Y = 1), C y'leTOM BKJia,n:a T.OKOB BTOpOrO po,n:a II MaCC BCeX yqacT­

BYIOJIJ;IIX n peaKIJ,IIHX qacTIIIJ,. 

Li:JIH OniiCaHIIH 3JieKTpn'1eCKOrO II MarHIITHOrO cpOpM-cpaKTOpOB npOTO­

Ha II nefiTpona IIcnoJib30BaJinch ,n:ne Mo,n:eJIII: GKex(05) [2] II BBBA(07) [3], 
Haii6oJiee TO'IHO oniiChiBarom;IIe IIMerorn;IIecH aKcnepiiMeHTaJihHhie ,n:aHHhie. 

IIpe,n:cKa3aHIIH Mo,n:eJieil: BBBA(07) II GKex(05) 'IIICJieHHO 6JIII3KII B o6JiacTn 

cpe)l;HIIX 3Ha'1eHIIfi Q2
, r,n:e IIMeiOTCH )l;eTaJihHhie )l;aHHhie no cpOpM-cpaKTOpaM 

II IIX OTHOJIJeHIIHM, HO paCXO)l;HTCH npii 60JibJIJIIX 3Ha'1eHIIHX Q2 , r,n:e )l;aH­

Hhie OTCYTCTBYIOT IIJIII IIMeJOT 60JihJIJIIe CTaTIICTII'leCKIIe II CIICTeMaTII'leCKIIe 

ornii6KII. Han6oJihrnne pa3HOrJiacnH B03HIIKaJOT )l;JIH. aJieKTpiiqecKoro cpopM­

cpaKTOpa Hei:J:TpOHa. 9cpcpeKThl H,n:epHbiX MIIJIJeHefi Y'ITeHhl B paMKaX MO)l;eJIII 

peJIHTIIBIICTCKoro ¢epMII-ra3a B ¢opMaJIII3Me CMnTa-Moniiu;a [4, 5]. 

IIoJiyqeHhi ,n:IIcpcpepeHIJ,IIaJihHhie ce'leHIIH peaKIJ,IIfi po:m:,n:ennH o,n:IIHO'l­

HhiX 6apiiOHHhiX pe3oHancon B ¢opMaJIII3Me PapiiThi-IliBIIHrepa. B pac'leTax 

yqTeHbl BKJia)l;bi 8 nepeXO)l;HhiX cpOpM-cpaKTOpOB C;'4A5 6 ( Q2). 

06cy:m:,n:aeTCH MO,n:IIcpiiu;nponannaH Mo,n:eJih Peil:~~_:,CeraJia [6], oniiChiBa­

rmu;aH ceqeHIIH peaKIJ,IIfi pe3oHancnoro po:m:,n:ennH o,n:IIHO'IHhiX nnonon. Mo­

,n:eJih Y'IIIThiBaeT IIHTepcpepiipyrmu;IIe BKJia)l;hi 18-TII 6apiiOHHhiX pe3onancon, 

nonpaBKII Ha KOHe'IHYJO Macey JieiJTOHa [5] II IICeB)l;OCKaJIHpHbJH BKJia)l; [7]. 

Y'leT a¢cpeKTOB po:m:,n:eHIIH o,n:Iino'IHhiX niimion npii pacceHHIIII neil:TpiiHO na 

H)l;pax BblllOJIHeH B paMKaX cpepMII-ra30BOfi MO)l;eJIII [8]. 

PacqeThi ceqeniiil:: peaKIJ,IIfi rJiy6oKoneynpyroro pacceHHIIH nefiTpiiHO na 

HYKJIO!Iax BblllOJIHeHhi B paMKax cpeHOMeHOJIOrii'leCKOfi CXeMbi, OCHOBaHHOfi 

Ha CTaH,n:apTHOfi napTOHHOfi MO)l;eJIII. lloJiyqeHhi TO'l!Ihie KIIHeMaTII'leCKIIe 

orpaHII'leHIIH )l;JIH nepeMeHHhiX, OniiChJBaJOJIJ;IIX IIHKJII03IIBHbJe peaKIJ,IIII II 

noporii po:m:,n:eHIIH oqaponaHHhiX a.n:ponon. B pacqeTax IIcnOJih30BaJIIICh nec­

KOJibKO naii6oJiee nony;mpnhiX Mo,n:enefi napTOHHhiX pacnpe,n:eJieHIIfi, BhJUOJI­

HeHHhiX rpynnaMII GRV (9], MRST [10] II CTEQ [11,12]. H3 craTIICTII'lecKoro 

aHaJIII3a 3KCnepiiMeHTaJJhHhiX )l;aHHhiX no )l;Ba)K)l;bl fJ:IIcpcpepeHIJ,IIaJibHhiM ce­

'leHIIHM peaKIJ,IIll rJiy60KOHeynpyroro pacceHHIIH Heil::TpiiHO II aHTIIHeil::TpiiHO 
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Ha HyKJioHax H R,n;pax H3BJieqeHhi 3HaqeHHR ¢eHOMenonornqecKHX napaMeT­

pon, nne,n;ennhrx )l;JIR aKcTpanoJIRIJ;HH nRTH cTpyKTYPHhiX <i>YHKIJ;Hfi Fi(x, Q2
) 

B o6nacTh HH3KHX 3HaqeHnfi Q2 , npn KOTOphrx oum6Kn pacqeTa PDF cTano­

BRTCR 60JihllillMll. 
Bo BTOpo:ii filane Bhrnonnen rno6anhHhrfi cTaTHCTnqecKnfi aHaJIH3 3KC­

nepnMeHTaJihHhiX )l;aHHhiX no CeqeHHRM B3alllvlO)l;efiCTBHR HefiTpHHO ll aHTll­

HefiTpHHO c HYKJIOHaMH H R,n;paMH. B aHaJIH3 BOUIJIH ,n;annhre no ,n;n¢¢e­

penu;nanhHhiM ceqenHRM du I dQ2
, Q2

- pacnpe,n;enennRM n noJIHhiM ceqenHRI\1 

KBa3nynpyrnx peaKu;nti pacceRHHR, no . .POJIHhiM ceqennRM KBa3Hynpyroro 

pmK)l;eHHR CTpaHHhiX I'IInepOHOB, no nOJIHhiM ceqeHHRM pe30HaHCHOI'O pO.IK­

,n;eHHR O)l;llHOqHhiX niiOHOB II no nOJIHhiM CYMMapHhiM ceqeHIIRM pacceRHHR, 

a TaK.IKe )l;aHHhie no pa3HOI'O po,n;a OTHOCHTeJihHhiM xapaKTepHCTHKaM. I1c­

nOJih30BaJIHCh TOJihKO )l;aHHhie )l;JIR peaKIJ;IIfi, IIH)l;yiJ;HpOBaHHhiX 3apR.1KeHHhi­

Mll TOKaMH. 

l13 COBMeCTHOI'O <J>nTa )l;aHHhiX no )l;H<J><J>epeHIJ;llaJihHhiM ll nOJIHhiM ceqe­

HllRM peaKIJ;llll KBa3Hynpyro pacceRHHR nefiTpHHO ll .anTf'IHefiTpHHO na HYK­

JIOHax II R,n;pax c .0-Y = 0 II3BJieqenhr 3naqennR <<KBa3nynpyrofi>> aKCHaJih­

noti MaCChi M~ES. B qacTHOCTH, )l;JIR BBBA(07) Mo,n;enii BeKTOpHhiX ¢opM­

¢aKTOpOB 3TO 3HaqeHHe paBHO 0.999 ± 0.011 raBic2 . Ha piiC. 1 nOKa3aHhi 

nonnhre QES ceqennR, BhrqiicJieHHhre c 3THM 3HaqenneM M~ES B cpannennn 

C )l;aHHhiMll 3KCnepHMeHTOB, BhillOJIHeHHhiX C pa3JillqHhiMll R)l;epHhiMll MHUie­

HRMll. ConMecTnhrfi cTaTHCTnqecKnfi aHaJIH3 aKcnepnMenTaJihHhrx ,n;annhrx 

no noJIHhiM n ,n;n¢¢epenu;nanhHhiM ceqennRM KBa3Hynpyriix peaKu;nti pac­

ceRHHR nefiTpHHO ll aHTHHefiTpHHO C .0-Y = 0 ll 1 Ha MHUieHRX pa3JillqHOI'O 

R)l;epHOI'O COCTaBa npHBO)l;HT K TaKOMy .IKe 3HaqeHHIO aKCHaJihHOfi MaCChi. flpH 

yqeTe 3aBHCHMOCTH M~Es OT Bhr6opa no,n;MHO.IKeCTBa ¢nTnpyeMhiX ,n;aHnhrx 
. QES 

KoncepBaTHBHaR ou;enKa ourn6Kn H3BJieqennR napaMeTpa M A cocTaBnReT 

±3.3%. B npe,n;enax aTofi ourn6Kn nonyqenHhre 3HaqennR M~Es ne npOTH­

nopeqaT pe3yJihTaTa:M rno6anhnoro ¢nTa ncex ycKopnTeJihHhrx ,n;annhrx no 

3KCKJII03llBHhiM ll HHKJII03llBHhiM peaKIJ;H5IM B3aHI\IO)l;eil:cTBll5I HefiTpHHO H an­

THHefiTpHHO c nyKnonaMn n 5I)l;par-.m. 

flonyqeHHhre 3HaqennR M~Es, OKa3hiBaroTc5I cyru;ecTnenno HH.IKe pe3yJih­

TaTOB H3MepeHnfi M~ES, Bhmo.ITneHHhiX B aKcnepnMenTax K2K SciFi [13] 

(M~ES = 1.20 ± 0.12 raBic2 , KHCJIOpO,n;HaR MHUieHh) H MiniBooNE [14] 

(MA ES = 1.23 ± 0.20 faBic2, yrnepo,n;Ha5I MHUieHh) H HCnOJih3yeMhiX B o6-

pa60TKe ,n;aHHhiX aKcnepnMeHTa Super-Kamiokande no nccne,n;onanmo neti­

TpHHHhiX OCIJ;HJIJI5IIJ;IIfi B nyqKax anwc¢epHhiX Heti:Tpnno [17, 18]. Pa3norJia­

cne He IICqe3aeT )l;a.IKe npH yqeTe MaKCHMaJihHO B03MO.IKHOH CIICT81\JaTIPie­

CKOfi OUIH6KII Haurero aHaJIII3a (;S 5%), CBR3aHHOfi C HeOnpe,n;eJieHBOCTRMII 

B OIJ;eBKe 5I)l;epBhiX a<J><J>eKTOB II qyBCTBIITeJihBOCTll pe3yJihTaTa K Bhi6opy 

KPHTepnen oT6opa ,n;anHhrx. 
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l13 CTaTIICTIIqecKOI'O aBaJIH3a 3KCnepiiM8BTaJihflhiX )l;aBBhiX no nOJIHhil\! 

ceqef!IIRM peaKIJ;IIfi pacceRBIIR nefiTpHBO ll aBTHBefiTpiiBO C pe30BaHCHhii\I 

po.IK,n;eniieM o,n;nnoqnhrx niionoB nonyqeuo 3naqenne <<pe3onancnofi>> aKCII­

aJihHOti l\laCChi JVJ~ES = 1.070 ± 0.009 raB I c2 • Ceqeniifi peaKIJ;IIll B 3TOM ana­

JIH3e paccqiiThiBaJIHCh B paMKax Mo,n;n¢IIu;nponannoti MO)l;eJIII Petina-Cerana. 

Pe3yJihTaT ¢nTa He npoTIIBopeqiiT 3naqeHIIIO JVJ~ES, ncnoJih3yel\!OMY B Mon­

Te-KapJIOBCKOM anaJIII3e ,n;onHhiX aKcnepnMenTa K2K, no cyru;ecTnenHo OT­

nnqaeTCR OT 3Haqemm M~ES = 1.21 raB I c2 , IICnOJih3yel\!OI'O KOJIJia6opau;neti 

Super-Kamiokande [18]. 

B caMOM o6ru;eM napiiaHTe rJio6anhHOro CTaTIICTIIqecKoro ananri3a qe­

Thrpe napaMeTpa JV/~ES, M~ES, wc~f8 II wc~~s cqnTaiOTCR He3aBIICIIMhll\IH. 

O,n;Hofi H3 Haii6onee Ha,n;e.IKHhiX np~nepoK KoppeKTHOCTII anann3a 5IBJIReTc5I 

npn6JIII.IKeHHOe paBeHCTBO napaMeTpOB o6pe3aHIIR Wc~fS H Wc~~S, KOTOpoe 

(no C006pa.1KeHII5IM )l;yaJihHOCTH) )l;OJI.IKHO BhiUOJIHRThC5I B npe,n;eJiaX CTaTII­

CTIIqecKHX oum6oK II3BJieqeHH5I 3TIIX napaMeTpoB. PaneHCTBO ,n;efiCTBIITeJih­

HO IIMeeT M8CTO )l;JIR BCeX TeCTHpyeMhiX MO)l;eJiefi napTOHHh!X pacnpe,n;eJieHIIH, 

XOT5I CaMH 3HaqeHIIR Wc~~S,DIS CIIJihHO 3aBHC5IT OT MO)l;eJIII. l13BJieKaeMh!e 

3HaqeHIIR aKCIIaJihHhiX Mace M~ES II M~ES TO.IKe 3aBIICRT OT Mo,n;enn nap­

TOHHhiX pacnpe,n;eJieHHH, HO II3MeHRIOTC5I JIHUih B Y3KIIX npe,n;eJiaX, - ±1.4% 

II ±0.6% COOTBeTCTB8HHO. 9TH <J>aKThi MO.IKHO paCCMaTpHBaTh KaK Ha)l;e.IKHOe 

nO)l;TB8p.IK)l;8HHe CaMOCOI'JiaCOBaHHOCTH npou;e,n;yphi ¢IITHpOBaHII5I. 

B KaqecTBe npiiMepa npiiBe,ri,eM pe3yJihTaT, nonyqeHHhril: c IICUOJih30BaHII­

eM Mo,n;enii BBBA(07) )l;JIR aneKTpor-.mmnTHhiX ¢opM-¢aKTopoB HYKJIOHOB n 

Mo,n;enn GRV98 ,n;n5I napTOHHhiX pacnpe,n;eneHIIil:. B aToM pacqeTe IICUOJih30-

BaH BapHaHT <i>IITa, B KOTOpOM paBeHCTBO Wc~fS = Wc~~S 3aJIO.IK8HO B Kaqe­

CTB8 )l;OllOJIHIITeJihHOI'O YCJIOBIIR. 113 I'JI06aJihHOI'O CTaTHCTIIqeCKOI'O aHaJIH3a 

)l;aHHhiX II3BJieqeHhi CJI8)l;JIOIIJ;II8 3HaqeHIIR aKCIIaJihHhiX MaCC II KIIHeMaTnqe­

CKHX o6pe3aHHH no IIHBapiiaHTHOH Macce: 

M~ES = 1.029 ± 0.009 raBic2, M;,:-Es = 1.079 ± 0.008 raB/c
2, 

wc~~s = wc~!8 = 1.431 ± 0.013 raB. 

BennqiiHa M~ES HaxO)l;IITCR B xopoureM cornacnii c pe3yJihTaTar-.m ¢IITnpo­

BaHH5I O)l;HHX JIHUih KBa3nynpyrnx ,n;aHHhiX, a 3HaqeHIIe M~ES, II3BJieKaeMoe 

H3 I'JI06aJihHOI'O aHaJIH3a, COI'JiacyeTC5I B npe,n;eJiaX CTaTHCTHqeCKHX OUIII60K 

c pe3yJihTaTaMH ¢IITHpoBaHHR ,n;aHHhiX no O)l;HOniiOHHOMY neil:Tpnnopo.IK)l;e­

HHIO. Ha puc. 2 noKa3aHhi nonnhre cyMMapHhre ceqeHH5I, paccqiiTaHHhie c 

3THMII 3HaqeHHRMII napaMeTpOB 1 B cpaBH8Hllll C HM8IOIIJ;HMHCR 3KCnepi1M8H­

TaJihHhiMll ,n;aHHhiMII. 
flpaBHJihHhie 3HaqeHIIR napaMeTpOB JV/QES JVJRES WRES II wms cy-A > A > cut cut 

IIJ,8CTB8HHhi )l;JI5I llHTepnpeTaiJ;IIII <<HeiJ:TpiiHHhiX aHOMaJIHH>>, na6mo,n;aeMhiX 
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B pH)l.e IIO)l.3eMHbiX 3KCIIepHMeHTOB, B TepMHHax VIJ. ~ VT-OCIJ;HJIJIHIJ;HH, IIQ­

CKOJibKJ OHH BJIHHIOT He TOJihKO Ha O:lKH)l.aeMJIO CKOpOCTb C'IeTa Heil:TpHHHhiX 

c06biTHH, 3aBHCHIIJ;YIO OT HeOnpe)l.eJieHHOCTeil: paC'IeTa IIOTOKa aTl\IOc¢epHbiX 

Iieil:TpHHO, HO H Ha H3MepHeMbie OTHOCHTeJibHbie xapaKTepHCTHKH (TaKIIe, 

HallpHMep, KaK ej JL-OTHOIIIeHHe), CpaBHHTeJibHO CJia6o 3aBIICHIIJ;lle OT 3THX 

Heonpe)l.eJieHHOCTeil:. 

B TpeTbe:ii rJiaBe HCCJie)l.OBaHa IIOJIHpH3all,HH JieiiTOHOB, pO)K,II.aiOIIJ;HXCH 

B KBa3HynpyrHX peaKIJ;HHX pacceHHHH Heil:TpHHO H aHTHHeil:TpHHO Ha HJK­

JIOHax. Ha OCHOBe pe3JJibTaTOB, IIOJIJ'Ie!.JHbiX B nepBOH H BTOpOil: fJiaBaX, 

II3J'IeHbl IIOJIHpH3all,IIOHHbie 3¢¢eKTbi, o6ycJIOBJieHHbie CTaH)l.apTHbiMH 3a­

pH:lKeHHbiMII TOKal\IH llepBOrO pO)l.a. 0T)l.eJibHO 11pOHJIJIIOCTpHpOBaHbl O:lKII)l.a­

el\Ibie 3cPcPeKTbl )l.JIH BeKTOpa IIOJIHpH3all,IIH JieiiTOHOB, CBH3aHHbie C HeCTaH­

)l.apTHbll\IH TOKaMII BTOpOrO pO)l.a. )J;JIH )l.eMOHCTpaiJ;llll MaKCHl\laJihHOrO B03-

MO:lKHOrO 3cPcPeKTa pac"!eTbl BbiiiOJIHeHbl B 11pe)l.IIOJIO:lKeHHII, 'ITO 3Ha'IeHIIH 

llapaMeTpOB HeCTaH)l.apTHhiX BKJia)l.OB COBIIa)l.aiOT C 3KC11epHMeHTaJibHO )1.0-

IIJCTHMbiMH BepXHHMH rpaHHIJ;aMH 3THX 11apaMeTpOB.[15tt IloJiy'IeHhl ClleK­

TpaJibHbie cPJHKIJ;HH BTOpH'IHbiX JieiiTOHOB, pO)K,II.aiOIIJ;liXCH B TpeXJieiiTOHHhiX 

paCIIa)l.aX 3apH:lKeHHhiX IIOJIHpH30BaHHhiX JieiiTOHOB. IloJiy'IeHbl TO"!Hble Kli­

HeMaTH'IeCKHe OrpaHH'IeHHH )l.JIH llepeMeHHbiX, OIIHCbiBaiOIIJ;liX 3Tll paclla)l.hl 

B Jia6opaTOpHOH CHCTeMe OTC'IeTa. 

B IlpHJIO)KeHHH A H3JIO:lKeHhi )l.eTaJIH pac"!eTa IIOJIHpii3aiJ;HOHHOil: MaT­

pHIJ;hi IIJIOTHOCTH JieiiTOHOB. 

B IlpHJIO)KeHHH B KpaTKO OIIHCaHhi ¢eHoMeHoJioru'IeCKIIe MO)l.eJIH 3Jie­

KTpOMarHHTHhiX ¢opM-¢aKTOpOB llpOTOHa H Heil:TpOHa, liCIIOJih3JeMhie B OC­

HOBHOM TeKCTe. 

B IlpHJIO)KeHHH C BhiiiHCaHbi HeHyJieBhre Ko3¢¢uu;IIeHThr, BXO)l.HIIJ;IIe 

B CTPYKTJPHhie ¢YHKIJ;HII Heil:TpiiHOpO)K,II.eHIIH D.-pe3oHaHCOB B ¢opMaJIII3l\Ie 

PapHTbr-lliBHHrepa. 

B IlpHJIO)KeHHH D llpHBe)l.eHbi allllpOKCHMau;uoHHhie ¢opMyJihr, IIC­

IIOJih3yeMhre )l.JIH pac"!eTa pa)l.HaiJ;IIOHHbiX IIOIIpaBOK H IIOIIpaBOK Ha HeH30-

CKaJIHpHOCTb )l.JI51 )l.Ba)K,II.bl-)l.HcPcPepeHIJ;HaJibHbiX Ce"!eHHH rJiy60KOHeyllpyro­

ro vN- H i7N-pacceHHHH Ha :lKeJie3HhiX MHIIIeHHX. 

B IlpHJIO)KeHHH E llpHBe)l.eHhi 3HepreTH"!eCKHe ClleKTphr IIJ'IKOB Ve, vll, 
ile H !7/J. B ycKopuTeJihHhiX 3KC11epHMeHTax ANL, FNAL, CERN H IHEP, KOTO­

pbre HCIIOJib30BaJIHCb B HaiiieM aHaJIH3e )l.JIH ycpe)l.HeHHH COOTBeTCTBJIOIIJ;HX 

3KC11epHMeHTaJihHbiX )l.aHHhiX H pac"!eTa cpe)l.HHX 3HeprHil: IIJ'IKOB. 

B IlpHJIO)KeHHH F IIPHBe)l.eHhi )l.eTaJIH pac"!eTOB ClleKTpaJibHhiX ¢YHK­

u,uil: BTOpH"!HbiX "!aCTHIJ; B TpeXJieiiTOHHhiX paCIIa)l.aX IIOJIHpH30BaHHbiX 3apH­

:lKeHHbiX JieiiTOHOB. 
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Ha 3ai.IJ,HTY BbiHOCaTca cJie,rzyiOI.IJ,He pe3yJILTaTbi. 

• B o6Iu;eM BH)l.e noJiy'IeHa IIOJIHpii3aiJ;HOHHaH MaTpuu;a IIJIOTHOCTH Jien­

TOHOB, pO)K,II.aiOIIJ,HXCH B peaKIJ;HHX pacceHHH51 Heil:TpHHO Ha HJKJIOHaX. 

• IloJiy'IeHbi )l.H¢¢epeHIJ;HaJibHhie ce"!eHHH KBa3HJ11pyrux peaKIJ;IIil: pac­

ceHHHH Heil:TpHHO Ha HJKJIOHaX H KBa3liJ11pyroro pO:lK)l.eHH51 CTpaHHbiX 

ru11epOHOB c y'IeTOM BKJia)l.a TOKOB 11epBoro H BToporo po)l.a. 

• B paMKax ¢opMaJIH3Ma PapHTbi-lliBHHrepa IIOJiy'IeHhi cTpyKTYPHbie 

cPJHKll,HH H Ce"!eHII51 peaKIJ;HH pO)K,II.eHHH O)l.HHO'IHhiX .6.~pe30HaHCOB C 

J'IeTOM 8 nepeXO)l.HbiX ¢opM-¢aKTOpOB. 

• Ha ocHoBe cTaTHCTH"!ecKoro amtJIH3a ycKopuTeJibHhiX )l.aHHhiX 110 )l.HcP­

¢epeHIJ;HaJibHbiM H IIOJIHhiM Ce'IeHHHM KBa3HJ11pJriiX, pe30HaHCHhiX 

H rJiy6oKOHeyllpyrHX peaKIJ;HH pacceHHHH Heil:TpHHO H aHTIIHCHTpli­

HO Ha pa3JIH'IHbiX 51)l.epHbiX MHIIIeHHX H3BJie"!eHbl 3Ha"!eHHH aKCHaJib­

HbiX Mace H llapaMeTpOB o6pe3aHHH 110 HHBapHaHTHbiM MaCCaM KOHe'I­

HbiX a)l.pOHHbiX COCTOHHHH, He06XO)l.HMbie )l.JIH pac'IeTa 'IHCeJI C06biTHH 

B Heil:TpHHHbiX 3KC11epHMeHTax. IloJiy'IeHHbie 3Ha"!eHHH <<KBa3HJ11py­

rOH>> aKCHaJibHOH MaCChi, OKa3biBaiOTC51 CJIIJ;eC~BeHHO HH:lKe pe3JJibTa­

TOB H3MepeHHil:, BhiiiOJIHeHHhiX B He)l.aBHHx 3KC11epuMeHTax K2K SciFi 

H MiniBooNE. B llpe)l.eJiax 'CTaTHCTH'ICCKHX OIIIII60K IIOJiy'IeHHbie 3Ha­

"!eHHH <<pe30HaHCHOH>> aKCHaJibHOH MaCChi He llpOTHBOpe"!aT 3Ha"!eHHIO, 

HCIIOJib3JeMOMJ B 3KCIIepHMeHTe K2K, HO CJIIJ,eCTBeHHO OTJIII"!aeTCH OT 

3Ha"!eHHH, HCIIOJih3yeMoro B 3KC11epuMeHTe Super-Kamiokande 110 uc­

CJie)l.OBaHHIO Heil:TpHHHhiX OCIJ;HJIJIHIJ;HH. 

• MccJie)l.oBaHa yrJioBaH H 3HepreTH'IecKaH 3aBHCHMOCTb BeKTopa IIOJIH­

pH3au;uu JieiiTOHOB, pO)K,II.aiOIIJ;HXCH B peaKIJ;HHX KBa3HJ11pyroro pacce-

51HHH Heil:TpHHO H aHTHHeil:TpHHO Ha HJKJIOHaX 3a C"!eT TOKOB llepBO­

ro po)l.a. Ou;eHeHhi O:lKH)l.aeMbie IIOJIHpH3aiJ;IIOHHhie 3¢¢eKThi, o6ycJIOB­

JieHHhie HeCTaH)l.apTHhiMH TOKaMH BTOpOrO pO)l.a. 

e IloJiy'IeHbl cPOPMJJibl )l.JIH ClleKTpaJibHbiX cPJHKIJ;HH BTOpH'IHbiX JieiiTQ­

HOB B TpeXJieiiTOHHhiX paCIIa)l.ax IIOJIHpH30BaHHbiX 3apH:lKeHHbiX Jieii­

TOHOB. 
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" Fanouralds et al., BNL 1980 (If,) 
• Bakeretai.,BNL1981(DJ 
& Kitagaki et al., FNAL 1983 (I>,) 
• Ammosov et al., FNAL 1987 (,Nc-HJ 
* Suwonjaodce, NuTeV 2004 (Fe) 

• Blldagov et al.,lllBC 1969 (CJ!a) 
II AIIasia et al, CERN BEBC 1990 (D:z) 
0 Bclikov etal.,IHEP-ITEP1981 (AI) 
-t>: Belikovetal.,IHEP-ITEP1982(AI) 
~ Bclikov etal.,IHEP-ITEP1985 (AI) 

PMc. 1: IloJIHhre ce'!eHM.H KBa3MyrrpyrMX peaKu;Mti vp,n H /Jp,p, H3MepeHHbre 

B SKCIIepHMeHTaX C ,Il.eHTepHeBbiMH, BO,Il.OpO,Il.HbiMH, yrJiepO,Il.HbiMH (rrporra­

HOBbiMH), aJIIOMHHHeBbiMH H )KeJie3HbiMH (cTaJibHbiJ\m) MHIIIeH.HMH. 8Kcrre­

PHMeHTaJibHhre ,Il.aHHbie, liCKJIIO'leHHbie H3 aHaJIH3a, IIOKa3aHbi 6Jie,Il.HbiMH 

CliMBOJiaMH. CnJIOIIIHbiMH KpHBhiMll rroKa3aHbi ce'leHH.H, pacc'IHTaHHbre c 

. 'BBBA(07) MO,Il.eJihiO BeKTOpHbiX ¢opM-¢aKTOpOB HJKJIOHOB, ,Il.JI5l 3Ha'leHH5l 

M~ES = 0.999±0.011 rsB/c2, IIOJiy'leHHOro ll3 COBMeCTHOro CTaTHCTH'!eCKO­

ro aHaJIH3a ,Il.aHHbiX IIOJIHbiX H ,Il.H¢¢epeHIJ;llaJibHbiX Ce'leHHH KBa3HJIIpyrHX 

peaKIJ;liH 1/p.n ll Vp.P· IlyHKTllpHbiMll KpHBbiMH IIOKa3aHbi Ce'leHH.H, Bbl'HIC­

JieHHbie c GKex(05) MO,Il.eJibiO neKTOpHbiX ¢opM-¢aKTopon HYKJIOHOB, ,Il.JI.H 
u MQES 

3Ha'!eHMH A , IIOJiy'leHHbiX H3 aHaJIH3a rrpe,Il.BapHTeJibHbiX ,Il.aHHbiX SKC-

nepliMeHTa NOMAD [5]. 3aKpaiiieHHbiMll rroJiocaMH rrOKa3aHbi Heorrpe.n.eJieH­

HOCTll B Ce'!eHH.HX, Bbi3BaHHbie Heorrpe,Il.eJieHHOCT5IMH B 3Ha'!eHH5IX Jvf~ES. 
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PMc. 2: IloJIHbie cyMMapHhie ce'!eHM.H peaKu;Mti pacce.HHH.H vp. MVp, Ha M30cKa­

JI.HpHbiX HJKJIOHax, HOpMMpOBaHHbie Ha SHeprMIO (aHTM)HeHTpMHO, H3MepeH­

Hbie B sKcnepMMeHTax ANL, BNL, FNAL, CERN M IHEP. )J;aHHhre, MCKJIIo­

'leHHhre M3 rJio6aJihHoro aHaJIM3a, IIOKa3aHbi 6Jie,Il.HhiMM CMMBOJia:MH. CnJioiii­

HbiMM JIMHM5IMM IIOKa3aHbi <<MMpOBbie Cpe,Il.Hlle 3Ha'IeHM5l>> ,Il.JI5l Ce'leHMll pe­

aKIJ;Mll vp.N M /Jp.N, rroJiy'!eHHhre Particle Data Group [16]. Ce'!eHM.H KB83My­

rrpymx peaKu;Mil: pacc'!HTaHbi c HCIIOJJh30BaHHeM BBBA(07) MO,Il.eJIM neKTop­

HhiX ¢opM-¢aKTopon HyKJioHon; ce'!eHH.H peaK:u;Mti O,Il.MHO'!Horo pe3oHaHcHo­

ro po)K,Il.eHM.H IIMOHOB pacc'!MTaHbi c MO,Il.McPMIJ;HponaHHoil: MO,Il.eJibiO Peil:ua­

Cerana, c y'leTOM uepe3oHaHCHoro ¢oHa; CTpyKTYPHhre ¢YHKIJ;MM ce'!eHMti 

I'Jiy60KOHeynpyrMX peaKIJ;MH paCC'IMTaHbi C MO,Il.eJibiO napTOHHbiX pacnpe­

,Il.eJieHMH GRV98. B pac'!eTax MCIIOJib30BaHbi 3Ha'IeHM.H napa.MeTpon M~Es, 
JvJJfES, Wc~S M Wc~{S, IIOJiy'leHHbie M3 rJI06aJibHOrO CTaTMCTM'leCKOrO aHa­

JIM3a. IloKa3aHbi ce'!eHM.H QES, RES M DIS BKJia,Il.OB M CJMMapHbre ce'!eHM.H 

(,11.JI5l Ce'!eHllll aHTMHetiTpMH() IIOKa3aHa CJMMa Ce'leHMH QES ll QHP). 3aKpa­

IIIeHHbiMM IIOJIOCaMll IIOKa3aHbi Heorrpe,neJieHHOCTM B Ce'leHM.HX, Bbi3BaHHbie 

Heorrpe,Il.eJieHHOCTaMM B 3Ha'!eHH5IX aKCHaJibHbiX MaCe ll 06pe3aimti.' 
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