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IMPUJIOKEHMUME A - CninpanbHble U MyJIbTHUIIOJIBHBIE aMIUTUTYbI B pacraje
Q1) I B 1 S 104

6D060400—du3uka MaMaHIbIFbl 00MBIHIIA (GHUITOCO(PUS FHUIBIMIAPBIHBIH JTOKTOPHI
(PhD) rputbIME J9pEKECIH alyFa apHallFaH JUCCEPTallUAChIHA

AHJATIIA
CAVIYJUIAEBA T'O35UJ1 TAUHUAMHOBHA

PeasiTUBHCTIK KBAPKTIK MO/IeJI/Ieri aybIP KIHE IK30TUKAJIBIK SAAPOJIapIAbIH
Kacuerrepi

TaxkbIpbINTBIH 63eKTijIiri: MukpoaneM/ii 3epTTeyaer: 63eKTi MaceenepIaiy
Oipi KBAaHTTHIK >KYHEJEPIIH KYPBUIBIMIBIK EPEKIIETIKTepiH 3epTTey OOJIbIN
TaObLIaIbl. MUKPOJIEMHIH KYPbUIBIMBI OOMBIHIIA KOHE KYPBUIBIMHBIH KAJIBIITACY
MeXaHu3Mi OOMBIHINA AlIBUIFAH 9pOIp JKaHAJBIK 3aMaHayH >KaHa TEXHOITUSHBIH
ambUTyblHA anbin Kenal. Kaszipri yakpITTa onemjeri ipl XajdblKapaJibIK FbLIBIMU
OpTaibIKTapJa alpOHIAPAbIH KYPbUIBIMBI, KAJIBINITACYbl MEH dCEpJIeCyiHE KEUIeH 1
TYpIIE 3€pTTeyY KYMbICTaphl xacaityaa. Ocbl OaFbITTa )KYMBIC JKaCAUTBIH KONTETeH
KoJimabopauusuiap naiiga 6osabl. Mbicansl, yiakeH aapoHasik koswtaaep (Y AK)-
JI9N OCbl AJIPOHMIAPABIH KBAPKTIK KYPBUIBIMBIH OHE KBapK-TIIIOOHABIK (hazanaH
anapoHBIK (pazara oTydl 3epTTeiIi.

OchI TUccepTaUSIIBIK KYMBIC aPOHIAPABIH KYPBUIBIMBIH, TOTIPEK alTKaH 1A
maccacel 3872 MbdB GomareiH 9K30THKAIBIK X (3872) ME30HBIHBIH KBapKTiK

KYPBUIBIMbI MEH KACHETTEPIH 3epTTEyTe apHaJFaH.
Kasipri yakpITTa KBapK-aHTUKBApKTEH JKOHE YII KBAPKTEH TYpaTbiH
aJpOHAAPIbIH KBApKTIK KYpPbUIBIMBI MEH KacueTTepi OOWbIHIIA 3epTTeyJiep

(X3 »

xeTkimikTi. Conmpikran X (3872) Me30HBIH, abIMEH “‘c”’ KBapKTEPIiHEH TYPATHIH
KBapK-aHTHKBApPKTIH OalJlaHBICKaH KyHl PETiHIE KapacThIphUIIbL. YapMOHUIIH
CIEKTPIH PENATUBUCTIK €MeC KBApKTIK MOJEIbAC €CenTeyre OO0IaThIH/bIFbI
Ooenruti. AWBIK YapMHBIH Taijga ©0o0Jy TaOaibIpbIFbIHAH TOMEH IKaTaThIH
KYWJIEpIIH OapibIFbl TOXKIPUOE TYPFHICBIHAH aHBIKTaIFaH. AJl TaOaJIbIPbIKTaH
JKOFaphl JKaTaThlH Oec Ky Oenrimi: omapasiH Oipi X (3872) Me30HBI aHBIKTAIBIII,

OipHele KoJutaboparusuIapAsIFsl TYPJl peaknusiiapaa Oaiikanran. YKaHa kyiiep,
aran aiitkaaga X(3872) me3on, ere Tap OOJBIN TaOBLIAABI, al OHBIH MAacCCaChl

D-D” ME30HJIapPBIHBIH Taija Oony TalanAbIphIFbIHA JKaKbIH. bepinren
MOJIIMETTEp  KBApKTIK  MOJACHBAIH OepreH OompkamaapblHa  CoHMKeCHEeHIl.
Conppikran, X (3872) me30HbI CC KBAPKTEPACH TYPYhI MYMKIH €MEC.



Yapmonuin OipaeH-0ip MyMmkiH OosateiH kyiitepi 1D Hemece 2P . Aumnaiina,
1D xyiii 3872 M»aB-Tan alitapiblkTaii TOMEH KaTblp, al 2P kyiii a3gamn »Korapsl
xatelp. Conmakran oneouerrepae X (3872) me30H agpOHIBIK MOJIEKYJIa HEMECE

TETPaKBapK PETiHAE KapaCThIPBUIBII KYP.
KymbicTbiH MakcaTbl: X (3872) -Me30HHBIH KBapKTIK KYPBUIBIMBIH >KOHE

KYPbUTy MEXaHU3MIiH 3€PTTEY, OHBIH PAJUAIMSIIBIK bIABIPAYbIHBIH CHiH KOHE OacKa
na xacuertepin ambikray. B(Bg)— P(V) eryinin dopmdaxropem Gepinerin

UMITYJIBCTIH OapIiblK KMHEMAaTHKAJBIK aiiMarbiHaa ecentey, kemeci Bg — Dy DJ,

D; D¢ +Dg D;+ koHe Bg — Dg Dg ' ME30HIApAbIH JIENTOHIBIK €MEC
BIIBIPAYJAPBIHBIH ~ €HIH  HMH(PaKb3bT  KOH(MAWHMEHTTI €CKepe  OTBIPHII,
PENIATUBUCTIK KBAPKTIK MOJIETIB/IC ECETITEY.

3eprrey Hbicanbl: X (3872) Me30H — TOPT KBapKTaH TypaThiH OaijlaHbICKAH

KYH —TeTpakBapk >koHe Bg -Me30HHI.

3eprrey oaici TeopusSBIK OOJBIT TaObUIAABl - KOBApUAHTTHI KBApPKTIK
MoJiedb. ATanFaH MOJENb aJpOHJIAp/IbIH JKOFaphl )KOHE TOMEH IHEPIUsl Ke31HHEer]
KACHETTEpIH, OPEKETTECYylH CHUMarTayla THUIMJII KBAHTTHIK-OPICTIK oJiC OOJIbII
TaObUIafpl. by TocUIMIH alpbIKIIa €peKIIeNiri OHbIH KOIl KBapKTI KYHJIEp/IiH,
AFHU OapUOHJAap/bl, TETpaKBapKTap bl KoHE T.0. KapamaillbIM KBapK-aHTUKBAapK
Kyhecl CHSAKTBI Olp KaTaHIbIK JIEHIeWiHJE KapacTblpyFa >KOHE CHUIAaTTayra
MYMKIHJIIK O€pEeTIH/IT1.

3eprTeyaiH FHUIBIMH KAHAJIBIFbI

1. Anfamkel ~ peT  KOBAapUAHTThl ~ KBAPKTIK  MOJENb  MH(PaKbI3bLI
KOH()allHMEHTIIEH TOPT KBapKTi OalIaHbIC KYHIl CUMIATTay YIUIH KOJIAHBLUI/bI.

2. AnFamkpl peT TOPTKBApKTIK OaiinmaHpic KyW ymiH ManaenscTamHbIH — P-
HKCIIOHEHTAChl KOMETIMEH 3JIEKTPOMATHUTTIK dCEpJIeCy EHTI3UIIl, OJ KaauOpIiK
WHBAPUHTHUIBIKTHI KaMTaMachl3 etelll. bys omic apKpUibl 3K30THUKaNBIK X(3872)
ME30HBIHBIH O1p(OTOHIBIK AYBICYbI €CETITENII.

3. AnFamksl per sx30tukansik X — J [y +27(37) wone X — D° + D + 2°
ME30HBIHBIH KYIITI BIbIpAay €HIH ecentel OThIpbil, X(3872) ME30HBIH TOpT
KBapKTi OailJIaHbICKAH KYW 00JIaThIHBI KOPCETIIII.

4. Anramikel  per  B(Bg)— P(V)eryinin  ¢opmdakTopnapsl  Gepinerin
UMITYJIBCTIH OapJIIbIK KHUHEMAaTHUKAJIBIK aliMarbnIHga €CeITeN/l.
B >D;D{, D; D{ +DsD; some Bg —>D; D; NeNTOHABIK  eMec

BIJIBIPAYJAPBIHBIH €Hi aHBIKTAJIBI.

JuccepTanusJbIK dKYMBICTBIH HITHIKeEJIEPi:

1) X Me30HIbI TETPAKBAPK PETIHIIE KapacThipa OTHIPHIN OHBIH KAaCHETTEPiHE
Tanuay >Kacaipbl.

2) TeopusnblK Heri3 peTiHae MHGPaKbI3bLI KOHPATHMEHTTI €CKepe OThIPHII
PENSATUBUCTIK KBApKTIK MOJIEJI YCBHIHBUIABI. ATaraH MOJIENbJI  KbICKaIla
KOBApUAHTTHI KBAPKTIK MOJENb JIEN aTaUThIH 0OJIaMbI3, OJ MOJEIh OHBIH MOHIH
TyciHaipeai, ce0ebi Moxenb OemmIeKTepAiH Tmaiia OONybIHBIH ©pICTepAiH
KBAHTTBIK TEOPHICHIHA HET13/1ETIIM JKacaFaH.



3) byn mogmenmid meHOepinge pagvanusuiblk X — ¥ +J [y wsigsipaybiHa
erKeu-Terken Tanjgay skacaiabl. bepiireH eoTyaiH MaTpUIaibIK 3JIEMEHTI
€CEIITEJIIT, OHBIH KaJTUOPJI1K HHBAPUAHTTBUILIFBI 1oseacH 1. Keilin OHBIH BIabIpay
CHI aHBIKTAJIBII, SKCIIEPUMEHT HOTHXKEIIEPIMEH COMKECTIKTEp TaOBLIIBI.

4) Unbpakp3bul KOH(MDAHHMEHTTI €CKEpe OTBIPBII KOBAapPHAHTTHl KBAPKTIK
monenbae B(Bg)— P(V)eryinin GopMpakTopsiH GepileTiH UMITYJIBCTIH OGapIibIk
KHHEMATUKAJIBIK alMarblHJa CCenTeNi. AJIBIHFAaH HOTHXKEIepAl TaijgaiaHa

_ *— _ *+ *— *+
otbipbil, Be = D DS, De D& + D:De xone B — D. D. nentosaslk emec
S S s Us s Us S s Ys

BIIBIPAYJIAPBIHBIH €Hi aHBIKTAJIIbI.

KYMBICTBIH TEOPUSJIBIK JKOHE NMPAKTHUKAJIBIK MaHbI3ABLIbIFBI. Kazipri
ke3ge yikeH anponnblk kosuaiaep (CERN) xkone teBaTpoH (Fermilab, USA)
CUSIKTBl QJIEMHIH 1pl FBUIBIMH OpPTaJBIKTAPBIHIA aIpOHIApJblH KACHUETIH MKOHE
KaJbIITaCy MEXaHW3MiH, SFHU KBapKTaH aJpOHIBIK (a3ara aybICyIbl 3epTTEY
OaFbIThIH/IA TIXKIPUOEIIK 3epTTEYep KapKbIHABI KYpri3iayae. CoOHbIMEH Katap, ipi
XanblKapajblK OipieckeH xobanap xyprizuryae: BaBar, Belle, CDF xone DO. byn
TOXKIPUOEIIIK 3epTTeyNep/e, HET131HEH, ayblp B-Me30H1apbIHbIH bIABIPAYJIaApbl MEH
IK30TUKAIBIK Kyiiep 3eprrenyae. On 3epTTeyiep CTaHAAPTTHl MOAEIBICH THIC
KATKaH ‘kaHa (U3MKaHbBIH mMaiiga OonyblHa KON amybsl MYMKIH. Ochl
ToKipuOenepae IKOFapbl KOHE TOMEH DHEpPrusiia alblHFAaH HOTHXKeIepl
CUMAaTTayFa KeITEereH TEOpUsJIBIK JKYMbICTap apHaifaH. JlereHmeH, Oyl Tacli,
HET131HEH LIEKTEeYJl FaHa OKWFajapJpl FaHa cumartayra apHaiafaH. COHJIBIKTaH,
Oyn mporecTepii  opTak Olp JKOJIMEH CHUIATTay YJIKEH  TEOPUSUIBIK
KBI3BIFYIIBUIBIKTYABIPBIT ~ OTBIp. Byl 3epTreynep  MHUKpPOQJIIEMHIH  Ipreii
OOMIIEKTEPIHIH OpPEKETTeCY MEeXaHW3MiI MEH KYPBUIBIMBIH TYCIHYre MYMKIHJIK
oepeni.

X (3872) -Me30HbBI S5K30TUKAJIBIK KYHJICPIIH apachlHaa Oipercit OpbIH ajiajbl.
Kaszipri ke3ge X(3872) Me30HBI jKaH-)KAKThl 3CPTTEIyAC KOHE AaHAFYPJIbIM

KoJeMIl ToKipuOeik 3eprreyiepal Kyryae. YapMoHMiiniH KacueTTiHE YKcac,
xiHimke pesonmanc X (3872), 2003 oxeuiel  Belle kosmabopanusceiHaa

B* > K*z*7 J/w peakuusacel kesinge ambuigsl. byn pesomanc 77 J/w
BIIBIpAYbIHA VIIBIPAii JTbI KOHE Maccachl
m, =3872.0i0.6(cmam)i0.5(cucm) Mb>B 6onpin TabbuTaNbI, SIFHU OyJ1 MoH D

xone D~ ME30HIapIbIH naiga ooy TabaJIbIphIFbIHA oTe JKaKbIH.
M, +M_.,=3871.81+0.25 MbB. OmHblH bimblpay cHi 2.3 Moe 90% - Tik

CEeHIMIUTIK mopexecinae. byn kyi kem kemrikmed BaBar kommaGopanmsiceiHma
woHe @Depmm maboparopusiceiablH CDF  men D@ Toxipubenepinne pp-

OpEKETTECY Ke31HAe pacTalJIbl.

KazakcTaHablK TEOpPETHKTEp OChl OarbITTap OOWBIHINA KapKbIHIBI TYPAE
3epTTeyNep KYPrisyae jKoHe ipi FRUIBIMHA OPTANBIKTAPIbIH FATBIMIAPHIMEH THIFHI3
KYMBIC KacayAa, ajl aJblHFAH HOTWXKENEp XalblKapajblK JAcHreiae Oacekere
KaOinerti Oosbim TaObuiafbl. OFaH XaJbIKapadblK HMMAKT-QaKTOPBl KOFaphI
KypHaNgapaa skapsilaHfaH FbUIBIMH Makaiajap Aonien Oojla anajbl, >KOHE e



OepiUITeH MUCCePTAIUSIIBIK JKYMBICTBIH KOFAphl FHUIBIMU-TEXHHUKAIBIK JIEHICHIH
KOpCETEIi.

Enriziny paewreiii: auccepranms wmatepuangapbl OoipiHma 22 Oacma
KyMbICTapbl xkapusutanapl (14 makana >koHe 8 Te3uc), OHBIH imiHAe 3 Makaia
Thomson Reuters momimerTep 0a3zaceiHa KipeTiH OackutbiMaapna, 10 makana
KPBFM  biniM xkoHe FBUIBIM cajlachklH Oakbuiay OOWBIHIIIA KOMHUTETI YCHIHFaH
KypHaIapaa, / TE3UC - XaJblKapajblK, COHBIH 1mImHAE 1-1 ajmbic mieTenaepaeri
KOH(EpECHIUSIIAP,IbIH MaTepHATIAPBIH/IA YKAPHUSITIAH IbI.

AHHOTAIMSA

JUCCEepTAIlMU Ha COMCKaHKMe yUeHOH crerenu gokropa dpunocodpuun (PhD) mo
cneruansHocT 60060400 — Ousnka

CAUJIVIIJIAEBA T'O351J1 TAUHUJIMHOBHA

CpoiicTBa TSIKEJIBIX M JK30THYECKHX ME30HOB B PEJISATHBHUCTCKOMN
MO/IeJIM KBAPKOB

AKTyaJqbHOCTh TeMbl. OIHOW U3 aKTYJbHBIX MPOOJIEM COBPEMEHHBIX
UCCJICIOBAHUM MHKPOMHpA SBJISCTCS HM3YyUYEHHE CTPYKTYpPHOM OCOOEHHOCTHU
KBaHTOBBIX cucTeM. Kaxgoe OTKpbITHE O CTPYKTYPHBIX COCTOBJISIOIINX U 3HAHUE
MexaHu3Ma  (HOPMHUPOBAHMS  MHKPOMHpA Jalld  BO3MOXKHOCTh  CO3JaHUS
COBPEMEHHBIX BBICOKMX TE€XHOJIOTMH. B HacTOAMA MOMEHT B MEXIYyHApPOIHBIX
KPYIHBIX HAYYHBIX [IEHTPAaX MUPa, MHTEHCUBHO U3YYalOT CTPYKTYPY, 0Opa3oBaHUE
U B3auMoOjJecTBUE aapoHOB. [lOSBWIMCHL MHOTOYHMCIICHHBIE MEXIYHAPOIHBIC
KoJiutabopaly 1O ASTUM HampasiieHusiM. B yacTHocTH bosbiioit aapoHHBIN
komnaiinep (BAK) — paGoTtaeT MMEHHO HajJ HM3y4Y€HHEM KBAapKOBOH CTPYKTYpbI
aJIpOHOB M MEXaHMU3Ma MEPEX0/1a OT KBAPK-TIOOHHOM (a3bl K aApOHHOM (a3e.

JlanHass guccepTallMOHHas paboTa TMOCBSIIEHA M3YYEHUIO CTPYKTYpPbI
aJpOHOB, a UMEHHO, W3YyUYECHHUIO KBAPKOBOUW CTPYKTYpPhl U CBOMCTB 3K30TUUYECKOTO
X(3872) me3ona, ¢ Maccoit 3872 M»aB.

B HacToslMii MOMEHT KBapKoBas CTPYKTypa M CBOMCTBa aJpOHOB,
COCTOSIIIINX U3 KBAPK — AaHTHUKBAapKa U TPEX KBapKOB, XOpouIo u3ydeHsl. [loaTomy,
npexae Bcero, sk3ormyeckuit X(3872) — Me30H paccMaTpuBaid KakK KBapK-
AHTUKBApKOBOE COCTOSIHUE, COCTOSIIEro u3 “C” kBapkoB. MI3BECTHO, UTO CHEKTP
YapMOHUSI MOXET OBITh BBIYKCICH B paMKaxX HEPEISTUBUCTCKONW KBapKOBOMU
Moaenu. Bce mpenckazaHHbIE COCTOSHHMSI YapMOHUS HHXKE IOpPOra pOXKACHUS
YaCTHUI[ C OTKPBITHIM YapMOM YCTAHOBJIEHBI SKCIEPUMEHTAJIbHO. Bpllie mopora
HaAHICHO TOJIbKO IMATh COCTOSIHUMN: OJHO M3 HMX, Ha3BaHHoe X (3872)- Me30HOM,

JIOCTAaTOYHO XOPOIIO YCTAaHOBJICHO W HAOJIOMAEMO B HECKOJIBKUX Pa3IAYHBIX
pPeaKIUAX HECKOJIBKUMH HE3aBUCHMBIMH KojutabopanusimMu. HoBbwle cocTosiHES, B
gactHOoCcTH X (3872) -Me30H, SBIASIOTCS OYCHb Y3KMMH, a MX MAacChl OJH3KH K

—t.d
noporam poxaeHus D —D wme3zonoB.  JlanHble (akTbl HE COIIACYIOTCA C



npeICKa3aHusIMU KBapKoBoi Mojaenu. Takum obOpazom, X(3872) — me30H He
MOXKET COCTOATH U3 CC KBApKOB.

Haubonee BeposTHbIMU KaHauaatamMu Moraud Obl Obith 1D wimm 2P
coctosinug yapMmoHus. OgHako, 1D -cocTosiHMe JIeXKUT CylEecTBEHHO HIbKe 3872
M5B, a 2P - coctosHue Heckonbko Bbimie. [loaTomy B muTepaType MHTEHCUBHO
obcyxkmatorcsi uurepnpertanuu X (3872) - Me3oHa, MO0 KakK aApOHHOU

MOJIEKYJIBI, IN0O KaK TeTpaKkBapKa.

Heabo auccepranuu sIBJSETCS HCCICIOBAaHUE KBAPKOBOH CTPYKTYpHI H
MexaHu3Ma (OpMUPOBaHUs CBSI3aHHOTO cocTossHus X(3872) Me30Ha, OrpeiesieHre
MIMPUHBl €r0 PaJAMAalMOHHOTO pachajga W JPYruX XapakTepucTuk. Pacyér
dbopmdakTopoB B(BS)—> P(V) mnepexomoB BO BCell KHHETHYECKOW 00JIACTH

KBajipara MepellaHHOr0 UMITYJIbCa, BBIYMCICHHE IIMPHH HEJCNTOHHBIX PACIaoB
- * _~*t *— %+

crenyromux Me30HoB By —> DgDg, Dg Dy + DgDg u By — Dg Dy B pamkax

PEISITHBUCTKOM KBapKOBOM MOJIEINH ¢ HH(PPAKPACHBIM KOH(PATHMEHTOM.

O0bext ucciaenoBanms: X(3872) — Me30H Kak CBSI3aHHOE COCTOSHUE
4eThIPEX KBAPKOB — TETPAKBApKOB U Bg - Me30H.

MeToab! ucciie0BaHMS SBISIOTCS TEOPETUUECKUMU - KOBapUaHTHAsL MOJIEIb
KBapKOB. OJTa Mojielib sBJsieTCs A((PEKTUBHBIM KBaHTOBOIOJIEBBIM MOJAXOAaM K
OTNMCAHUIO CBOMCTB M B3aMMOJECHUCTBUS AJIPOHOB, KaK NPH BBICOKUX, TaK U IPHU
HU3KHUX dHEprusax. OTIMYUTEIBHOM 0COOSHHOCThIO JAHHOTO TOAXO0/a SBIISIETCS TO,
YTO MHOTOKBApPKOBBIE COCTOSIHUS, TaKKe Kak O0apuOHBI, TETPAKBAPKH U T.J., MOTYT
OBITh PACCMOTPEHBI M OIHMCAHBI HA TOM K€ YPOBHE CTPOT'OCTH, KaK U IPOCTEH e
KBapK-aHTHKBAPKOBBIC CUCTEMBI.

Hay4yHast HOBH3HAa JHCCEePTAIMOHHON pabOThI 3aKIIFOYACTCS B CIICAYIOIIEM:

5. BriepBbie  kOBapuaHTHass  KBapkoBas MoOJelb C  HUHGPaKpaCHBIM
KoH(altHMEeHTOM ObLTa MpUMEHEHA JIJIsl ONTUCAHUS YETHIPEXKBAPKOBOTO CBSI3aHHOTO
COCTOSTHMS.

6. Bepele 11  YETHIPEXKBApKOBOTO CBS3aHHOTO COCTOSIHHS BBEICHO
AJIEKTPOMATHUTHOE B3aUMOJICUCTBUE C MOMOUIBIO P- skcrnioHeHThl Manaenscrama
oOecreunBaroield KaTMOpOBOUHYIO HHBAPUAHTHOCTh. B paMkax MaHHOTO Mojaxojia
BBIYHCIIEH OJJTHOPOTOHHBIN nepexo]] 3k30Tudeckoro X(3872) —Me3oHa.

7. BrniepBble Ha OCHOBE BBIYMCICHUS IIUPUHBI CHJIBHBIX PAacliajioB

sx3otudeckoro mesona X — J /iy +27(37) u X — D® + D° + z° nokaszauo, 4o

X(3872) — ME30H MOXKET ABJISTHCS YETHIPEXKBAPKOBBIM CBA3aHHBIM COCTOSITHUEM.
8. Briepsble ObutH BBIUmcIeHs popmbaxTopsr B(Bg ) — P(V) mepexonos Bo

BCel KMHEMAaTHYeCKOW o00JacTH KBajapaTa TMEepeJaHHOTO WMITyJbca. bbum
_ *— _ *+
BBIYMCIICHBI IIMPHHBI HEJIENTOHHBIX pacnanoB By — DgDS, Dy Dg + DgDg , 1
*— _xt
OcCHOBHBIE 10J105KeHH S, BBIHOCMMbIE HA 3alIIUTY

1) BeInoTHEH HE3aBUCHUMBIA aHAIM3 CBOWCTB X-ME30HA B IPEAINOIOKCHHH,
YTO JAHHOE COCTOSIHUE SIBIIIETCS TETPAKBAPKOM.



2) B xadecTBe TEOPETHUECKOW OCHOBBI MPEATIOKEHA PEISTUBUCTCKAS MOJIEINb
KOHCTUTY?HTHBIX KBapKkoB C Yy4€ToM uX KoH(paliHMeHTa. B nmampHeitmem
UCIOJB3yeTCsl OoJiee KOPOTKOE HA3BAaHUE IS 3TOTO MOAXOAA — KOBapHAHTHAs
KBApKOBas MOJEINb, KOTOpas OOJblle OTpakaeT €€ CyTb, IOCKOJIBKY [aHHas
MOZEJIb TOCTPOEHA HA OCHOBE KBAHTOBOM TEOPHUHU IOJIA C POKICHUEM YACTHII.

3) B pamkax 3Toro moaxoja ObUT JETATEHO IPOAHAIN3UPOBAH PATHAIMOHHBIH
pacriag X — y+J /. Bbla BEIYUCIIEH MAaTPUYHBIN 3JIEMEHT JAaHHOTO Mepexoa U
J0Ka3aHa ero KajauOpoBOYHAsi MHBAPUAHTHOCTb. 3aTeéM ObLIAa BBIYMCIICHA LIMPHHA
JAHHOTO paclazia ¥ HalJIEHO COIVIACHE C CYIIECTBYIOIHUMHU 3KCIIEPUMEHTAIBHBIMA
JTAHHBIMH.

4) B pamkax KOBAapHMAHTHOW KBapKOBOH Mojenu ¢ HHDPaKpaCHBIM
KoH(aiiHMenTOM BhuHCIerbl GopmdakTopsr B(Bg ) — P(V) mepexonos Bo Bceid

KHHEMaTHYECKOM 00JacTu KBaapaTra IICPCAAaHHOI'O HMMIIYJbCaA. B kauectBe
INPUMCHCHHA IIOJYUYCHHBLIX PC3YyJIbTATOB, BBIYHMCJICHBI INHPHWHBI HCJICIITOHHBIX

pacnianos B — DD, D; D{ +D;D; , u B¢ > D; D; .

Teopernyeckasi ¥ NMpPaKTH4YeCKas 3HAYUMOCTH PpadoTbl. B Hacrosmmi
MOMEHT B OosnbmioM anaporHoMm kosutaraepe (CERN) u B teBatpone (Fermilab,
USA) skcriepuMeHTaIbHO M3YYEHBl MEXaHU3M 00pa30BaHMS M Pacajibl aJipOHOB,
T.€. TIEPEX0/1 OT KBApPKOBOM K ajmpoHHOM (aze. Takxke GyHKIMOHUPYIOT KPYITHbBIC
MEKIyHApOJIHBIC COBMECTHBIE Hay4dHbIe MpoekThl Kak: BaBar, Belle, CDF u D@.
B aTux sKcriepuMeHTax, B OCHOBHOM, U3y4alOTCsl paciajibl TSKeIbIX B-Me30HOB 1
DK30THUYECKHX COCTOSIHMU. VX HM3ydeHHE MOXKET IMPUBECTU K OTKPBITUIO HOBOWU
buzukyu, Jnexamend 3a TpeaeraMyd CTaHAapTHOW wmoxenu. Jlns  onmcaHus
DKCIIEPUMEHTATIBLHBIX PE3yJbTaTOB TOJYYCHHBIX, KaK MPH BBICOKUX, TaK W TPHU
HU3KUX DHEPTUSX HCIOJB3YIOTCS MHOTOYHCICHHBIE TEOPETHUECKHE ITOIXOIbI.
Opmnako, 3TH MOAXO/bl, B OCHOBHOM, IMOCBSIIIEHBI OMUCAHUIO JUIIL Y3KOTO Kpyra
coObIThil. Onucanne eIUHBIM 00pa30M 3TUX MPOLIECCOB MPEACTABISET OOJBIION
TEOpPETUYECKUI UHTEepec. Takoro pojaa UCCIeOBaHUS JTAIOT BO3MOXKHOCTh TITy0XKe
MOHATh  CTPYKTYPY W MEXaHW3M  B3aWMOJIEHCTBHS  (PyHIaMEHTaIbHBIX
COCTABJISIFOIIUX YACTHUI] MUKPOMUDA.

X(3872) wMe30H 3aHMMaeT YHUKAJIbHOE MECTO CpeAd OK30THUYECKUX
cocrosinuii. Ha nanuerit MomeHT X(3872) ME30H MIMPOKO M3ydaeTcs u TpedyeT BCE
OoJtee TIyOOKHX DKCICPUMEHTAIBHBIX MCCAeIOBaHMMA. Y3Kkuil pesonanc X (3872),

CXOKHUM TIO CBOMCTBaM C yapMoOHHEM, OblT OTKpHIT B 2003 romay Kosmaboparueit
Belle B peakiuu B* - K*z'z J/w. JlaHHblii pe3oHaHC pacmajgaercs Ha
7*7" 3y u umeer maccy My =3872.0%0.6(cmam)=+0.5(cucm)MaB, koTopas

6am3ka K mopory poxkaenus D u D Me30HOB: M o +MD*0 =3871.81+0.25

M>5B. beuto HaiieHo, uto ero mupuHa Menblne 2.3 MsB Ha 90% ypoBHe
JIOCTOBEPHOCTH. DTO COCTOSIHME BCKOpE OBUIO MOJATBEPXKIACHO KoJutabopanuen
BaBar u B pp-cronkHOBeHMsiX B jabopatopun depMu Ha TEBaTPOHE B

skcniepuMentax CDF u DO .



KazaxcTanckue TEOpeTHKH TaKKe MPOBOASIT WHTCHCUBHBIC MCCIICIOBAHMS TIO
OTUM HAMPAaBICHUSIM WM TECHO COTPYJHUYAIOT C YYCHBIMH KPYIMHBIX HAYYHBIX
IIEHTPOB, a TIOJYYCHHBIC pE3yJbTaThl BIIOJHE KOHKYPEHTHO CIIOCOOHBI Ha
MEXIyHapOAHOM ypoBHE. OO0 3TOM CBUIETEIHCTBYIOT HAy4YHBIE MyOJHMKAIUd B
MEXIYHAPOIHBIX KypHajaX C BBICOKUMH HWMIIAKT-(PaKkTOpaMH, W, TEM CaMbIM,
MOATBEPKAAIOT BBICOKHI1 Hay4YHO-TEXHUYCCKUN YPOBEHb JTAaHHOM
JIMCCEPTAIIMOHHON PaOOTHI.

Crenenb BHeapeHusi: [lo Marepuanam auccepTanuyd ONMyOJMKOBaHBI 22
neyaTHbIX padot (14 crareit U 8 TE3WCOB), U3 HUX 3 CTaThbU OIMYOJIMKOBAHBLI B
U3JIaHUsAX, BXOMAIIMX B 0a3y maHHbBIX Thomson Reuters, 10- B xypHaie
BXOJAIIMM B TiepeueHb, pekoMmeHayembii KKCOH MOH PK, 7 Te3ucos
OonmyOJUKOBaHBI B MaTepHajax MEXIYHApOIHBIX KOH(EpeHIHi, B TOM dYucie 1
JaIbHETo 3apyOeKbs.

ANNOTATION

of thesis presented for the degree of Doctor of Philosophy (PhD) in the
“6D060400—Physics”

SAIDULLAEVA GOZYAL GAINIDINOVNA
Properties of the heavy and exotic mesons in a relativistic quark model

Actuality of the theme. One of the actual problems of modern research of
micro worlds to study the structural features of quantum systems. Each discovery
of structural composes and knowledge of the mechanism of formation of the
microworld enabled the creation of modern high-tech. Now days in the large
international research centers of the world are intensive studying the structure,
formation and interaction of hadrons. There are numerous international
collaborations in these areas. In particular, the Large Hadron Collider (LHC) —it
works on the study of the quark structure of hadrons and the mechanism of the
transition from the quark-gluon phase to the hadrons phases.

This dissertation devoted to the study of the structure of hadrons, namely, to
study the quark structure and properties of exotic X (3872) meson, with a mass of
3872MeV.

Currently quark structure and properties of hadrons consisting of a quark-
antiquark and three- quark are well understood. So first of all exotic X (3872)
meson is treated as a quark- antiquark state, which consists of "c" of quarks. It is
known that the spectrum of charmonium can be calculated within the framework of
the non-relativistic quark model. All predicted charmonium below the threshold of
production of particles with open charms at experimentally. Above the thresh old
found only five states: one of them, called X (3872) -meson, quite well established

and is observable in several different reactions by several independent
collaborations. New states in particular X (3872) meson, is very narrow, and its



massis close to the thresholds of D — D~ meson. These facts are not consistent with
the predictions of the quark model. Thus, X (3872) -meson can not be composed of
cC quarks. The most likely candidates would be 1D either 2P charmonium states.
However, the 1D state is significantly below 3872 MeV, and the 2P state is slightly
higher. Therefore, in literature extensively discusses the interpretation of X (3872)

meson as hadron molecules or as tetraquarks.
The aim of the dissertation: study the quark structure and mechanism of
formation of a bound state of X(3872)-meson, definition of the width of its

radiative decay and other characteristics, Calculation of the transition form factor
of B(B,)— P(v)transitions in a full kinetically region of the momentum transfer,

the calculation of the width of the nonleptonic decays of mesons such as:
B, »D;D{, D D{ +D;D;" and Bg —D; D; in the relativistic quark
model with infrared confinement.

The object of investigation: X (3872) -meson as tetraquark bound state and

Bs - meson.

Methods of investigation are theoretical - a covariant quark model. The
covariant quark model is an effective quantum-field approach in description of the
properties and interactions of hadrons, both at high and at low energies. A
distinctive feature of this approach is that the multiquark states such as baryons
tetraquark, etc., may be considered and described in the same level of rigor as
simple quark-antiquark systems.

Scientific novelty including:

9. For the first time covariant quark model with infrared confinement was used
to describe the four-quark bound state.

10. For the first time for four quark bound state introduced the
electromagnetic interaction with the P-exponent Mandelstam ensures gauge
invariance. As part of this approach is calculated one photon transition exotic X
(3872) meson.

11. For the first time on the basis of calculating the width of the strong

decays of the exotic meson X — J/y +27(37) and X — D°+ D’ + z° showed
that D meson can be a four-quark bound state.

12.  For the first time we calculated the form factors B(Bs)— P(V)
transitions throughout the kinematic region of the square of the momentum transfer.

We calculated the width of the non-leptonic Bs — DsDg, Dy D¢ +DsDs , u

B, > D; D; decays.

The main results are including:

1) Performed an independent analysis of the properties of the X meson
assuming that the state is tetraquarks.

2) As a theoretical basis is used relativistic model of constituent quark staking
into account their confinement. Further is used a shorter name for this approach-a
covariant quark model, which reflects more of its essence, as this model is based
on quantum field theory with particle production



3)In the framework of this approach has been analyzed in detail the
radioactive decay X — y+J [y . Was calculated matrix element of this transition

and it is proved its gauge invariance. Then we calculated the width of this decay
and found an agreement with the experimental data.

4) In the framework of the covariant quark model with infrared confinement
transition form factors are calculated in the whole kinematic region of the square of
the momentum transfer. As an application of the results obtained, the widths of the

non-leptonic B — DD, D D +DgD; ,and By —D; D; decays are

calculated.

Theoretical and practical meaningfulness of the work: At the present time,
the major research centersin the world, such as LHC and Tevatron,
intensively conduct experimental studies on the properties and mechanisms of
formation of hadrons, i.e. the transition from quark to hadrons phases. There are
also large international collaborations, such as BaBar, Belle, CDF and D@. In these
experiments are mainly studied exotic and rare decays of B-mesons, in which may
be opened new laws of the micro world, in particular, chiral symmetry violation.
To describe these experimental results obtained, both at high and at low energies it
is devoted a lot of theoretical papers. However, these works are mainly devoted for
describing only a narrow circle of events. Thereby, the description of in a unified
way of these processes is of great theoretical interest. These studies provide an
opportunity to understand the structure and mechanism of the interaction of the
fundamental constituents of the micro particles.

X (3872) meson is unique among the exotic states. At the moment, the
X (3872) meson is widely studied and requires more experimental researches. A

narrow resonance X (3872), similar in properties to the charmonium, was opened
in 2003 by Belle collaboration in the B* — K*z*z~J /y reaction. This resonance
decays into z*7~J/y and has a mass m, =3872.0+0.6(stat)+0.5(syst) MeV ,

which is close to the threshold of production of D and D" mesons. It has been
found that its width is less than 2.3 MeV to 90% confidence level. This condition
was soon confirmed by BaBar collaboration in pp-collisions at the Tevatron at

Fermilab in the CDF and D@.

Kazakh theorists also conduct intensive research in these areasand work
closely with scientists from major research centers, and the  results
are quite competitive on the international level. This is evidenced by scientific
publications in international journals with high impact-factors, and thus shows a
high technological level of this dissertation.

Implementation degree: the basic results of the dissertation are published in
22 papers (14 articles and 8 abstracts) 3 articles of them are published in the
journals included in Thomson Reuters data base, 10 articles are published in the
journals recommended by the Committee of control in the region of education and
science of the DES of the Republic of Kazakhstan, 7 theses are published in the
collected papers of international conferences including the distant abroad.



