OT3bIB O®ULUANBHOIO OMMOHEHTA
AOKTOpa (hU3NKo-MaTemMaTuyecknx Hayk Jy6uHuHa Muxanna Hukonaesnua
Ha aucceprayuto JiuukyHoBa Anekcea AHapeesnya
«HelnTpuHo B Teopusax ¢ AaKCHOHO-NOA0BHLIMY YacTULaMmny,
NPEACTABEHHYIO HA CONCKaHWe YYEHOW CTeNneHn kKaHanaaTa husuKo-MaTeMaTuyeckmx Hayk
Mo Hay4HOM creyunansHocTn 1.3.3 — TeopeTuueckas hunsuka.

Aucceptayna  AAJIMYKYHOBA  nocBslLeHa pacyetam  HOBbIX  adhpekToB  npwu
B3aMMOJECTBUM aAKCMOHOB W AKCMOHO-MOOGHBIX 4acTul, C HEeWTpUHO. Kak K3BeCTHO,
CNOHTaHHOE HapyleHue KpaslbHo rnobasibHoi cummeTpun PQ (Peccei-Quinn symmetry)
narparxuaHa KXf ctaHaaptHoii Mogenu (CM) NpuBoauT K MOSIBAEHUIO ronAcTOYHOBCKOrO
nons, W3BECTHOTO NoJ Has3BaHWeM aKCUOH. Hanuune aHomanum B auBepreHuuu
aKkChaslbHOro Toka  BeAEeT K BO3HUKHOBEHUIO 3thCheKTUBHOTO UfieHa narpaxuaHa KXA,
MO3BONAIOLLETO KOMMEHCMPOBaTL M3BECTHBIA TeTa-uneH KX[ 1 NpUBECTU K pelleHuio Tak
HasblBaeMOii cubHON CP-nNpo6nemsl. BonbLuoi WHTepec npepacTaBnseT BO3HUKHOBEHUWE
aKCWOHO-NOAJOBHBLIX  YacTULy B paclumpeHusx CM, rae OAHUM U3 Hawbonee
pacnpocTpaHeHHbIX NpeacTaBnaeTca AByxAy6neTHas Moaerb XUrrCOBCKOro cektopa CM. B
ABYXAy6neTHon Mopenu rnobanbHas PQ CUMMETPUS HApyLLAETCH CNOHTAHHO BakKyyMHbIMM
CPEeAHUMU  XUTTCOBCKMX K304y6/1eTOB, CONPOBOXAaACh MOSBAeHUeM WW (Weinberg-
Wilczek) akcuoHa. DKcnepuMeHTaslbHOe WCKIHYeHne CyllecTBoBaHMA “Tskenoro” WW
aKcuoHa ¢ maccoi nopsigka 10 kaB MOXHO OBOMTU Ha NyTW AasbHEMLwmX paclmpeHrni
XWITCOBCKOTO ceKTopa AByxAy6NeTHOW MOAENM CUHIMETamMyl CKaNapoB, YTO npUBOAUT K
theHomeHoorn4ecku HENPOTUBOPEYUBLIM paclwmpeHuam CM™, MO3BONAOLLMM
paccmarpuBatb akCMOHO-NOAOGHbIE 4aCTULbl (a Takke MaiiopoH), obpasywuimeca B
NepBuYHON nnasme BONbLLWOrO B3pbIBA 3a CYET BEchbMa cneuntruyecknx HeTennoBbIx
MEXaH3MOB, B KauecTBe KaHAWAATOB Ha POfb YACTUL, XONOAHOW TEMHON Matepumn ¢
mMaccoit nopsgka 10° aB. Mogenu ¢ HacTuiamn Takoro pofa BecbMa CNOXHbI ANA
SKCNEPUMEHTA/ILHOTO MOATBEPX/AEHNA, MO3ITOMY paccMaTpuBaeMbli B AuccepTaLyoHHOM

paﬁoTe KOMMNJIEKC NOCTaB/IEHHbIX aBTOPOM BOMPOCOB, CBA3aAHHbLIX C B3aMMOﬂ9ﬁCTBMQM



aKCUOHO-MOAOBHBIX YacTuL, U HEUTPUHO, NpPeAcTaBNSeT BO/IbLION Hay4HbIA UHTEpec ans
0BOCHOBaHWNSA Moge/nieil  “HOBOI (PU3MKN" € AOMNONHUTENbHLIMU CUMMETPUAMU 1
PACLLMPEHNAMU XUTTCOBCKOTO CEKTOPA, OT/IMYAETCS HOBU3HOI 1 aKTYaslbHOCTbIO.

ABTOP [AMCCEPTaLMOHHON paboThl U3yyaeT oCUMNMIALUMKM  HEWTPUHO B cpepax,
COASPXaLX akCUOHO-NOA0GHbIE YacTULbl, B TOM YMC/e MaOpOHBI, a Takke KBAHTOBYO
AEKOTEPEHLMIO HEUTPUHHBIX OCLMNNALMIA, 06YCNOBNEHHYIO hNyKTyaLmaMmn Knaccuyeckoro
MONA aKCMOHO-NOAOGHBIX HacTuLl. B auccepTaumm NocTpoeH addeKTUBHLIA raMUIbTOHAN
B3aVMOAEINCTBMA HENTPUHO C KNaccuuecKum aKCUOHO-NOAOOHBLIM MONIEM U NOAYYEHb
BEPOATHOCTV  (DNENBOPHBIX U CMIUH-CHIEABOPHDBIX OCUMANAUMA  HeWTpuHO B cpepe
MaloOpOHOB, MAarHUTHOM fofie U  BeLlecTse. Mony4yeHa AauccunatvMBHas martpuua,
OnucCbIBalOLLIAsh KBAHTOBYIO [EKOTEPEHUMI0 HEeMTPUHHLIX OCUWMNALMIA B CTOXACTUHECKOM
MONe aKkCMOHO-NOAOOHbLIX YacTWL, U YCTAHOB/IEHbl OTPaHUYEHUS] HA KOHCTaHThI CBS3M
AKCMOHO-MOA0BHBIX YaCTUL C HEATPUHO, UCTIOb3YIOUIME SKCTIEPUMEHTAIbHbIE AaHHble no
napameTpam [AekorepeHuun. 3TU pesy/bTaTbl OTKPLIBAKOT HOBblE BO3MOXHOCTU ans
SKCNEPUMEHTA/IBHOTO  MOMCKA  aKCUMOHO-MOA0GHBLIX  YacTuy Mo WX BO3AEHCTBUMIO Ha
HEMTPUHHBINA cekTop CM 1 ee pacLuMpeHuii. Kpowme TOro, 3aa4a KBaHTOBOI AeKorepeHLmy
HEUTPUHHBLIX OCLMNNALUMIA B CTOXACTUYECKOM Mofe TEMHOIA mMarepun ABNAETCA HOBbIM U
MNEPCNEKTUBHEIM Hanpag/ieHem, No3BO/SIOWMM CBA3ATL NapameTpbl TEMHON MaTepumn ¢
HabnoAaeMbIMV xapaKTepuUcTUKamMu HelTpuHo. MpakTuyeckas LEHHOCTb paboThl COCTOUT B
TOM, HTO NO/y4eHHble Pesy/bTaTbl MOTYT 6biTb WCMO/ML30BAHLI MPU aHaNM3e AaHHbIX
HEeWTPUHHBLIX 3kcnepumeHToB JUNO, Daya Bay, KamLAND, MINOS/MINOS+, NOVA u

APYTVX, & Taloke B aCTPOUINIECKNX NPUIOKEHNAX — MPU OMUCAHUM HETPUHHBIX MOTOKOB
OT CBEPXHOBbIX U U3 paHHel BceneHHol.

Aucceprauyms coctouT U3 BBeaeHWs, YETbIPEX [N1aB, 3aK/lOYEHWs W  Ccnucka
nuTeparypel, BKAOYakoLero 158 HaMmeHoBaHuiA.

Bo BBe/leHUM npe/icTaBIeH 0630p COBPEMEHHOTO COCTOSHIA 0BNACTH, 0GOCHOBaHA
aKTyaslbHOCTb paboTbl, COPMY/IMPOBaHbI LeNU U 3a/lau UCCNeoBaHMs, a Takke Cemb
OCHOBHbIX MOJIOKEHNIA, BLIHOCUMBIX Ha 3alLMTY; OXapakTepu3oBaHa HayyHas HOBU3HA W
NPaKTUYECKas 3HaUYMMOCTb Pesy/bTaToB.

B nepBoii rnaBe u3N0XeHbl HEOGXOAUMbIE TEOPETUYECKUE CBEAEHMS: OnMcaHue
Macc 1 CMeLUNBAHUA HEWTPUHO B pamkax CTaHgapTHOM MOofenn 1 eé paciumpeHnii,
MEXaHU3Mbl reHepauum Macc HEMTPUHO  (AMPaKoBCKMIA, MailopaHOBCKUIA, seesaw
MEXaHu3M), POPMan3M HEATPUHHBIX OCUMANALUMIA B BaKyyme, BELLECTBE M MarHUTHOM
none, a Taike 0630p TEOPUN AKCUOHOB U aKCMOHO-NOAOBHBIX YaCTUL — BO3MOMXHbIX



KaHOWAATOB Ha pOMb 4acTuy TEMHON MaTepun. OBCYXaeTcs CBA3b MalopoHoB ¢
MEXaHU3SMOM CMOHTAHHOTO HApYLEHUA NENTOHHOW CUMMETPUM U «KauebHbIM»» (seesaw)
MEXaHNIMOM reHepalin macc HeidTpuHo. CoaepxaHue Nepsoii rnasbl NpeacTaBnseT co6oii
HEO0GXOAMMYI0 OCHOBY [/181 NOC/IEAYIOLLIETO OPUMMHALHOTO nccnefoBaHuA.

BTopas rnaBa coAepkUT OAMH U3 LEHTPaNbHbIX pEe3ysbTaTos Avicceprauum.
MocTpoeH 3MMEKTUBHBIA TaMUILTOHMAH B3aUMOAEHCTBIS HENTPUHO C Knaccuyeckum
aKCMOHO-NOAOGHEIM  NOSieM, AN ciyyas MaliOPHOB OCHOBAHHbLIA Ha paccMoTpeHuu
fpoyecca  paccesHns HEMTPUHO BNepés. PaccMOTpeHbl chneliBopHble  OCUMANSLAM
HEATPUHO B Cpeje MaifopoHOB. MokasaHo, UTO MaiiopoHHas cpega He U3MEHsAET yron
CMELUMBAHWNA HEMTPUHO, HO BAMSIET Ha J/MHY OCLMNNALMA, 4YTO SBNSeTCS thusnuecku

HETPUBMA/IbHBIM PE3y/bTATOM, OT/IMYAIOLIMM MaOPOHHYHO CPEY OT 06bIYHOTO BELECTBA.

Tpetba rnaBa nocsAlleHa CrMH-CHIENBOPHLIM  OCLMINALMAM MaliopaHoBCKiMX
HEITPUHO B Cpefe, cofiepxallieli 0AHOBPEMEHHO BELIECTBO, MArHUTHOE Nose u MaiOpOHBL.
Mony4eHsl aHanmMTUyecke BbIDXKEHWS A4/1s BEPOSTHOCTEN OCUMNNSLUMIA B NPUBIKEHNI
ABYX NOKONEHNIA HEATPUHO. VccnenoBaHo BAnaHMe CP-Hapyluakowmx (has — AMPaKOBCKOIA
W MaliopaHOBCKOM — Ha BEPOSTHOCTU Nepexofos. B TpeTweil rnase NONyYeHb! BaXKHbIE
PEYNbTATLI, OnuCkiBalOLLME B/MAHNE CpPefbl MAliOPOHOB HA PE3OHAHCHBIE OCLMISLMN
HElTPUHO. YCTaHOBNEHO, YTO MpUCYTCTBME MaliOpOHHOM cpeas! NPUBOAUT K WU3MEHEHI0
SHA4eHNA MN/IOTHOCTU Cpefbl, NP KOTOPOM Peanu3yioTcsi PE3OHAHCHbIE OCLMMIALAM,
MOAAB/IEHNIO OCUMNNALIMOHHON aKTMBHOCTM B HU3KOSHEPreTUueckoll 06/1acTi, a Takke

TPaHC(hopmMaLmn BiAa 3aBUCHMOCTY aMI/INTY/AbI OCUMINALMI OT CP-HapyLIaoLLX thas.

YerBépraa rnaBa nocsslieHa Teme, npeAcTaBnsolell HanbonbWKUn UHTEpeC C
TOYKN 3pEHUs CBA3N (PU3NKN HETPUHO U TEMHOI MaTepu — KBAHTOBOI AeKkorepeHuun
HEATPUHHBIX OCUMNNAUNNA B CTOXACTUYECKOM KNacCUYeckoM Mnofe aKCUOHO-NOA0GHBIX
qactuy. Tlony4yeHO KMHETUYECKoe ypaBHeHWe Peadwnga (A.Redfield) ans cnyvas
9BOJIOUMAN MaTpuLibl MI0THOCTU HEWTPUHO BO (/YKTYMpYOLLEM none AaKCMOHO-NOA06HbIX
HacTuy. MonyyeHa AncennatvBHas MaTpuLa, xapakTepusyioLLas AeKorepeHuuo, Kotopas B
obuiem cryyae COAEPKUT KaK ANaroHanbHble, Tak U HeanaroHa bHble 3MeMeHTbI. Hanuune
HeguaroHasbHbIX 3N1IEMEHTOB ABNSeTCs NPUHLUMNMaNbHbIM oT/I4nEMm or
(heHOMEHO/orn4ecknX Mogesneil AeKorepeHLMn, 06bIHHO paccmatpuBaembix B utepartype,
W NpeAcTasnseTr coboil TeopeTuyecks 3HauMMbIA pesynbTar. BbIMofHEHo pasnoxeHve
Matpulbl NI0OTHOCTN U AUCCUNATVMBHOIO onepaTopa Mo reHeparopam rpynnel SU(3) ans
C/lydass TPeX NOKONIeHUA HelTpuHO. [peasnokeHOo  UCMOMb30BaHMe paneeBcKoro
PACTIPEAC/IEHNA AN ONUCaHNA (NTYKTyaLWi MoNs aKCMOHO-NOAOGHLIX YacTul. Ha ocHose



SKCMEPUMEHTA/TBHBIX AaHHbIX MO NapameTpam AeKorepeHUUN YCTaHOBIEHb! OrpaHUYeHIs Ha
KOHCTaHTbI CBA3KM aKCMOHO-MOAOGHbLIX YacTul ¢ HelTpuHO. PesynbTars 4eTBEPTOM rnasbl
(hopMUPYIOT HOBBLIA Noaxop K OKCNEPUMEHTA/IbHOMY MOWUCKY aKCMOHO-MOAOBHbLIX YacTuL,
UCNONbL3YsA X BNNAHNE HA KOr€PEHTHOCTb HEVTPMHHBIX OCLIUNIALMIA.

B 3akno4yeHuu NEpPeYNCIeHbl OCHOBHbIE pe3y/ibTaTbl anccepTauni.

£loCTOBEPHOCTL M HOBU3HA  MOMYYEHHbIX  PE3YNLTATOB noaTeepxaaercs
ny6NnMKaunsaMK B peLieH3UPYEMbIX HAyUHbIX WU3AAHWSX, MHAEKCUPYeMbIX B 6asax AaHHbIX
Web of Science n Scopus, B ToM uucne B xypHanax Physical Review D u International
Journal of Modern Physics A, a Takke fgoknagamu Ha POCCUICKUX N MEXAYHAPOAHbIX
KOH(hepeHUusx. Psg pesynbTaToB AuMccepTauuu  NoJyueH BNepBbie: 3PEKTUBHbIN
raMWIbTOHMAH B3aMMOJENCTBUA HEUTPUHO C KNaccuyeckum nosem aKCUOHO-NOA0BHbIX
HacTUL, aHa/InTUHECKne BbIPKEHNA AN BEPOATHOCTEN CnuH-thNefBOPHbLIX OCLMANSLMI
MalilopaHOBCKUX HEUTPUHO B cpefle MaliopoHOB C yqeTom CP-Hapylwaowmx a3z, a takke
A/CCunaTMBHas Matpuuya C HejuaroHanbHbIMW  3N1eMeHTaMW A1 AeKOrepeHUut B
CTOXaCTUHECKOM MONe aKCUOHO-MOAOBHBIX yacTuy. OTMETUM, 4YTO OCHOBHbIE BbIBObI
OCHOBaHbl Ha aHa/MTUHECcKUX dopMmynax, CNEACTBUA KOTOPbIX B NPEAeNbHbIX Cryuasx
CornacylTces ¢ U3BECTHbIMWU pe3y/bTaTamMu.

3aTPyAHSIOT  BOCTIpUATME Pe3yNbTATOB  AWCCEepTaLVOHHOM paboTbl HepocTaTku
(hOPMbI U3/TOXEHUA W NPeLCTaBEHINA pesy/ibTaToB, K KOTOPbIM OTHOCUTCH HecTaHaapTHas
B pade cCnydaes TEpMUHOMOTMS aBTopa, HanmpuMmep, onpefeneHne npPaBoKMPasIbHbIX
ManopaHOBCKUX  CMIMHOPHBIX NONel, B3auMOAENCTBYIOWMX B pesynbTare seesaw-
CMELUMBaHUA, Kak “NpaBOCTOPOHHWX" nonell Ha cTp. 56, HeCTaHJapTHoe onpepaeneHue
peanusaymmn mexaHusma seesaw Tuna | B Havane rnasbl 3, CTp. 53, Kak “noaxopna,
OCHOBAHHOrO Ha pacnage’, oTcyTcTBuE B TeKcTe OnpefiefieHuil Ans WCnosb3yemoro
0bO3Ha4eHNs “(hnenBOpbI”’, KOMMYECTBO KOTOPbIX onpegenser pasmMepHOCTb MaccoBOM
MaTpuLbl MaliopaHOBCKUX HEWTPUHO B Pas/NyHbIX FNaBax auncceptayun. bbina 6bl BecbMma
XenatenbHa 6onee faetasibHas UMHQOPMALMA O BO3MOXHOCTAX U pesynbrarax
YNOMUHAEMbIX B TEKCTE [N1aB «Mo KacaTe/bHoi» akcnepumeHTos KamLAND, JUNO, DUNE,
Kamiokande, NOVA, PTOLEMY u gp, He OrpaHu4MBasCh TOJIbKO CCbllKaMu B

6ubnvorpachum, Mpu UCMONBL30BAHA OFPAHMYEHUA UM CPABHEHUA C HUMU MOMYYEHHbIX
pe3yNbTATOB.

Moasoas utoru, sakiovaem, 4To aucceprauus A.A. JlnukyHoBa oOTBevyaeT Bcem
TpeGoBaHWAM, yCTaHOB/MEHHbIM MY um. M.B. JlomMoHocoBa K KaHAnAaTCKUM



aucceptauuamM. CogepxaHune AuccepTaummu COOTBETCTBYET MacrnopTy cneuuansHoctTu 1.3.3.

— «TeopeTuyeckas usnka» (N0 (PM3MKO-mareMaTUyeckumM Haykam), a TakKke Kputepuam,

onpegenéHHbiM nn. 2.1-2.5 MNONOXEeHWA O NPUCYXAEHUWN Y4€HbIX CTeneHeil B MOCKOBCKOM

rocyfapCTBEHHOM YHUBEpCUTETE UMeHM M.B. JlomoHocoBa. Pa6oTa ochopmiieHa COracHo
Tpe6oBaHuAM [lONOXKEHUSs O COBETe Mo 3auwyTe AUCCEPTAUMUA  Ha  COMCKaHue
YYEHOI CTEneHM KaHguAata Hayk, Ha COMCKaHue YYEHOW CTeneHn [oKTopa  Hayk

MOCKOBCKOro rocyiapCTseHHoOro yHusepcutetra umeHu M.B. JlomoHOcOBa.

ABTOp auccepTaumn JInukyHOB Anekceil AHApeeBUY 3acNyXMBaeT NPUCYXEHUS

YYEHON CTeneHn kaHaupaTa (Pusmko-maTtemaTuyeckmx Hayk no cneupanbHoct 1.3.3. —

«TeopeTnyeckas usnka».
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