
Orsrte

o$rarluanbHoro orrnoHeHTa Ha AncceprarluoHHyro pa6ory flonoea Arercces BarepseBnqa

<floHcrc Hoeoft QuararcH H H3yqeHHe npoqeccoB KBaHTonofi xpoMoAHHaMr4KH B 3KcnepHMeHTe

D0)), npeAcraBneHHyro Ha coacKarl.z'e yveHofi creneHn AoKropa $H:urco-MareMarl4qecKnx HayK
I

ilo cneunilrrbHocru 0l .04.23- <@HsHKa BbIcoKHX 3Hepruit>>.

[r,rcceprapfl nocBrueHa aKTyaJrbHbrM Ha[paBneHHflM n SHaurce BbIcoKHX 3Heprvtit - noucKy

SHrraxra 3a npeAeJraMr4 CraH4aprHofi MoAeJrr4, r43yqeHl4ro AByx-naproHHbrx B3anMoAeficreuil H

nor4cKy 3K3orHqecKHX cocroqHnfi sa ycraHoBKe D0 na ilporoH-aHTHnporoHHoM xolraft4epe

Tevatron. Heo6xoAllMo orMerr,rrb, r{To 3KcnepHMeHTbr sa Tevatron cAenarH 6olstuoft BKJIaA B

Sr,reHxy BbrcoKHX aHeprufi, 6rrl orKpbrr ron-KBapK, nperIH3HoHHo H3MepeHbr csofrcrea W-

6osoHa v b-rcnaprca, oilpeAeJreHbr Apyrr4e rrapaMerpbr CraH4aprHofi MoAenH. O1Hutvt H3

HarrpaBnelnuit uccneAoBaHnft 6sln rroncK QH:HvecKHX npoqeccoB H cocroqnuit za [peAenaMn

CraHgaprHofi MoAeJrH, qeMy nocBflr{eHa nepBafl aracrb Ar4ccepraunH. floilcrc naprHepoB

rcalu6poBor{Hbrx 6ogonoe corJracHo MoAenrrM cynepcnMMerpail v noucK nporeleHuft

AorronHHTeJTbHbrx pa3MepHocrefr Ha 3KcrrepHMeHTaJIbHbx AaHHsIX D0 sBJltrorcfl TeMaMH,

il3yqaeMbtMt4 B Ar4ccepraqun. Bruap AByx-naproHHbrx B3anMoAeftcreufr no orHotileHulo K

oAHo-[aproHHbrM B3anMoAefrcrsnsrv{ v3yqancfl Bo eropoft qacrn Ancceprar\vrvr B npoqeccax

napHoro o6paronaHur rqx(erbrx Me3oHoB co cKpbITbIMpI c v b KBapKaMlt. flolyreHHsle

3KcnepnMeHTaJrbHble AaHHbre 6srlu HHTepnperapoBaHbr Ha ocHoBe reoperuqecKux noAXoAoB

KBaHToBofir xpouoAHHaMr4KH. Taxue r4ccJreAoBaHlafl flBrqrorcfl aKTyzurbHbIMlI, TaK KaK BKJTaA

Mynbrn-rraproHHbx B3anMoAeficreuir Heo6xoAHMo ) {HTbrBarb npn HHTepnperaIIHI4 )I(ecrKHX

aApoH-aApoHHbrx B3auMoAeitcrsvir npn BbrcoKnx 3HeprHrIX H rIoHcKe TlpoUeccoB, B Koropbrx

rrpoflBrqercs HoBafl $H:Hxa. Tpersr qacrb Anccepraqnu IIocBtuIeHa H3)n{eHHrc oAHoro v3

3K3oruqecKr4x MHoro-KBapKoBbtx cocrosHrafi aApoHoB. 3ra reMa 14ccJIeAoBaunit raruKe

Bbl3brBaer 6olsruofi nHrepec frnsrarcoB 14 rBrqercs o6lacrsro [pt4MeHeHnfl Hellepryp6arnnHofi

xpoMOAHHaMHKH.

Atts peann3arlr,ru HccJreAoBauuit, npeAcraBJIeHHbIX B AzccepralltrH, aBTop cAenan

3HaquTerrssrir BKnaA B pa3BHTHe MeToIHKH 3KcTIepHMeHTa, a I,IMeHHo, B pa:pa6orxy

MoHHTopr4Hra cra6HlsHocru pa6orsl nepe4Heft vrooHHoft cncreMbt H cncreMbl t43MepeHHfl

cBernMocru 3KcnepHMeHTa D0. flo4gepxaHVe cra6ltlsHocrl4 pa6orst AaHHsIX cncreM

sBJrrrJrocb seo6xoAuMbrM ycnoBHeM Anr flonyqeHur SH:HvecK]IX pe3ynbraroB B 3KcilepHMeHTe.



B Auccepralluu BIIIToJIHeH IIoucK llaprHepoB raln6poBorrHbrx 6osoHoe u 6osoHos Xgrrca B

paMKax MoAenH MI,IHIaMaJITHofi cyrepcrMMerpr{r (MSSM). B pe3ynbrare aHuwrsa

3Kc[epuMeHTiIJIbHbx AaHHbIX 6rtla o[peAeneHa o6lacrr LrcKJrroq euuit 1rrfl cylep
cI'IMMOTpLITIHbIX IIapTHepOB B 3aBIIc[MoCTLI [apaMeTpoB MOAenId. lanHslft pe3ynbTaT Ha

MoMeHr ny6lnraqull npeBocxoAlln pe3ynbrarbl Apyrux sKcnepuMeHToB. Tarxe 6un npoBeAeH

rIoI{cK Bo3MoxHoro [potBneHl{t AolonHl4TeJrbHhrx piBMepHocrefi B Qusuuecrcnx [poqeccax

o6pasonaHnfl. RS-rpan[ToHoB, pacrrararcruvxc.f, Ha napbr Soronon vJrr,r gJreKTpoHoB, rrocraBJreH

nepxuufi [peAen Ha BOJII,IqI,IHy cerreHplt o6pason alprfl [epBoro rpaBr{To Ha vr B paMKax MoAenr{

rIocraBJIeH HI'I)KHufi npe4eJl Ha ero Mac cy. fia:aHblfi pe3ynbrar rarcKe 6rrl Hau6olee crporr4M

orpaHuqeHpleM Ha MoMeHT ny6luxalJarvr. B Auccepr allvtkr raKlxe npoBeAeHo r{ccneAoBaHr{e

co6urufi c AByMs SoroHauu, rrMeIoilII{MrI 6onrurofi norlepeqHrrfi r{Mrrynbc kr c 6olsruofi

HeAocraloUefi sHeprl{efi n roHerIHoM cocrosHt4l{. B cuexrpe rro HeAocraroqeft oHeprur,r Anfl

TaKI{x co6rnufi He Ha6lrcA€ulocb crarl,tcrplqecKpl 3HarrraMbrx orrloneuufi or rlpeAcrasaHufi

Cran4apruofi MoAenI4. Peaylrrat 6ur HHTeplperlrpoBaH B BlrAe orpaHprqeHr4s Ha 3Haq eil;llfl

eS$ercrnBHoro Macllrra6a uapy[reHl,It cylepc[MMerpr,ru r{ Maccbr rer.rafiuero nefiTp€LJrr{Ho, a

TaKXe B paMKax MoAenI,I yHrrBepcanbHblx AononHrrreJrbHbrx r{3MepeHrafi. Bo sce pe3ynbrarbr no

nol{cKy Hoeofi Suauxu B sKcIIepHMeHTe D0, [peAcraBJleHHbre B Ar{ccepr arryru1 aBTop BHec

3Harrr4Teluruft BKnaA. OnucauHhre B Ar.rccepr a\uv pe3ynbrarbr [aBanu saz6olee crporr{e

orpaHzrle}Jufl' Ha Bo3MoxHbIe npof,BneHHfl HoBofi SzsraKkr kr 3aJloxt4Jlrd ocHoBy nns Aalrsefirrrgx
rIoHcKoB 3a IIpeAenaMI{ CraHgapruofi MoAeJIH B sKcrlepuMeHTax Ha Bolrmona A4pouuona

Kouafi4epe (LHC), qro rloArBeplrAaer HoBr,r3Hy u aKTyirnbHocrb LrccneAonaHrafi,

rrpeAcTaBJreHHbrx B Ar,rccepTarl[u.

BHgsIsaer 6olrnrofi untepec ilpeAcraBneHnoe B Arlcceprarluu r{ccneAoBaHge AByx-naproHHbrx

B3al4MoAeficrsufi B SKcnepuMeHTaJIbHbIX co6Hruqx [apHoro o6pa^:on aHr4s. Me3oHoB co

cKpbIrbIMH Q u b xnapxaMr: Jly Jly u J/y Y. Anrop AeraJIbHo orrucar sKcnepnMeHr€rJrbHylo

MeroAlIKy BblAeneHkrfl crrrHaJloB AaHHbx rlpoqeccoB, orleHxu QonoBbrx npoueccoB, Kopperquft

3KcrIepuMeHTaJIbHbx pacrpeAeleuufi Ha aKcerraHc ycraHoBru D0 u eQSexrlrBHocrb rpr{rrepa.
He erBHBaer coMHeHrIr uy6oxoe BnaAeHI{e aBTopoM MeroAr,rKofi auarr{3a oKcrrepr4MeHT€urbHbrx

AaHHbIx. B pe3ynbrare aHaJrur3a 6ru TaKXe olpeAeneH BKnaA oAHo-[aprogHbrx

rcal'IMoAeficreufi B rlpouecc rapHoro o6pasonalvrfl Jly Jly. Hyxno orMerr,rrb, rrro rrpoqeccbr

napHoro o6pasonaHufl. J/y Y 6rmz uccneAoBaHbl BnepBbre r4 pe3ynbrarbr H3MepeHufl rocux rop
flBiltlorct yHI'IKanbHbIMLI. B raxux [poueccax AoMI,IHI,Ipyror AByx-[aproHHbre B3araMoAeftcrnul,

TaK KaK oAHo-[aproHHble B3al'IMoAeitcrsus tIoAaBneHbI 3aKoHaMri coxpaHeH4q. I4rrraepeHue

ceqeHHfl o6pa:ona]F'Hfl cocroguufi Jlyt Jly u JIV Y uosnoJrr,rno onpeAenr{rb eS4exruBHoe



cer{eHl{e AByx-[aproHHblx B3al,IMoAeficrnufi Anr AaHHbrx lpoueccoB. Pesylrrarbr r{3MepeHr.rq

6ulu I'rHreprperl{poBaHbl B paMKax e$QexruBHoro nouepeqHoro pa3Mepa rJrrooH-rJrrooHHbrx

B3al4MoAeficrnIEfi, Koropble Aalor AoMHHI,IP)rroUufi BKnaA n o6pasoBalufl rrap Me3oHoB Jlyt Jly

H J lV Y. O6napylreHHoe rIoAaBneHI4e eSSexruBHoro ceqeHlrfl AByx-ilaproHHbrx

B3allMoAefrcrsuia B rpoueccax o6pasonanr4fl. Jly Jlty u J/y Y ro orHorrreHr.rro K rrpoqeccaM
I

o6pasonaHnfl crpyfi B KBapK-KBapKoBbrx 14 KBapK-rnrooHHhrx Bar,rMoAeficrsusx rpe6yer

Teoperl,IqecKoro o6rscnentrs,. Taruu o6pasorvr, rroJryrreHHbre pe3ynbrarbr rro onpeAeneHr4ro

BKnaAa AByx-[aproHHbIX B3al,IMoAeficrnufi flBJrsrorcr HoBbrMr4 vr aKTyanbHbrMr{ KaK Anfl

AalrHefirlux l4ccneAosanwfi B oKc[epuMeHrax Ha rcomlafigepe LHC, TaK u Anfl pa3Bwrvrfl

Teoperl,IqecKl{x rIoAXoAoB B paMKax nepryp6arranHofi rceaHrosofi xpoMoAr.rHaMlrKn.

3arffo'InreJlbHafl rracrb Allccepra\uu nocBtrrleHa [or4cKy poxAouprfl gK3orr{rlecKoro cocrorHr,rt

Z* 
"(3900),, 

Koropoe paclraAaerct Ha J IV fr* , a raKxe rccneAoBaHlrro csoficrn raKoro

sK3oruqecKoro MHoro-KBapKoBoro cocro flHkrfl, o6pasonaHHoro B [ony-vHKnrg3r4BHbrx pac[aAax

b-a4poHoe. B Aucceprarlvu rarcKe 6ur rpeAcraBJreH pe3ynbrar pr3MepeHnr BepxHero rpeAena

Ant Aonu co6urIEfi or rpqMoro o6pasonannfl, cocroflHw ty(4260) co cKpbrrbrM c-KBapKoM c

AzursHefiIrrHM pacraAoM Ha Z*, (3900)n u HerprMoro o6pa:oBalvrn y$260) or pacraAos b-

Me3oHoB. llonyqeHHble pe3ynbrarbr qBrrrr,rcb aKTyanbHbrMH Ha MoMeHT ny6mara\nv.

CucrenaaruqecKoe l,IccneAoBaHr{e o6pa:on aHvrfl, gK3orr4rrecKrrx MHoro-KBapKoBbIX cocro suuit s

aApoHHbIx B3arrMoAeficrnuqx 6suro peanu3oBaHo B AaJrbHefiureu B oKcrrepaMeHTe LHCb.

B Al,Icceprar\uu rlpl4BoAurcq Aeramuufi aHiurr,r3 rrpkr BbrAeneHlrrr gKcrrepuMeHT€urbHbx

cHrHiLIIoB, [oAaBJIeHVrI I4 oIIeHKe BeposrHocrr{ Souonux npoqeccoB, Bbrr{ucreHr.rlr ceqoeuit vt

rlpeAenbHbtx BepoflTHocrefi [poqeccoB, ouenKe cr,rcreMar[rrecKr,rx ouru6or urnnepeuufi.

HecouneHHo, aBTop IroKa3aJI BbrcoKyro xnzuruSuKarlurc trpu [pr4MeHeHr{rl MeroAoB a*arrv3a v

I{HTepnperallult sKclepuMeHTaJIbHbIX AaHHbrx. MeroAbr aHaJrvr3a AaHHbrx rr ux rrHTepnperaur{t

f, Bltqlorcg o6ocnoBaHHbrMrr.

K seAocrarKaM Arrcceprarlr{oHHofi pa6orbr Mo}KHo orHecrr{:

l. Pe:ynbrarbl, rIpeAcraBJIeHHbre B Tpex qacrrx Auccepraunn, a LrMeHHo, 1) rro [orrcKy cynep-

cI4MMerpI,ItIHbIX rlaprHepoB ranz6poBoqHbrx 6ogoHos v nporueuufi AolonHrrreJrbHbrx

pa3MepHoctefi, 2) r,r3MepeHr{ro BKnaAa AByx-raproHHbrx B3alrMoAeitcrr.uir B rpoueccax

rrapHoro o6pa:onaHnfl, Tqlrerbrx Me3oHoB co cKpbrrbrMu c z b rnapKaMr.r v3) Lr3yrreHrrro oAHoro

H3 3K3orr,rqecKr{x Mnoro-KBapKoBbrx cocrosuufi aApoHoB, cla6o cBfl3aHbr MexAy co6ofi rro



TeMaM HccneAoBa[uil., He qBrflIorct cocraBHhIMI{ qacrtMr{ 6oree o6qero l4ccneAoBa1r4s KaK B

gKCrrepHMeHTe, TaK r.r co cTopoHbr Teopuu.

2' Pesynrrarbl' I'I3JIoxeHHbIe B A'nccepra!,uu, HecoMHeHHo, 6ruru aKTyarrbHbrMr{ Ha MoMeHT

AoKnaAoB, rIpeAcraBJIeHHbIX aBTopoM na ron$epeHllltx, u ny6nlaKaUur4 crarefi romla6o par441r

D0' flpeAcraBneHrre [uccepralllall B Tor MoMeHT 6rrro 6111 6onee cBoeBpeMeHHbrnr. C rex nop
uccne.4oBaEr4s' IIo reMaM Al{cceprarl%v 6rtma BbI[oJIHeHbI B gKcrrepnMeHTax Ha KoJrnafi4epe

LHC, r{TO IO3BOJII{JIO IIOBbICI{Tb SKcIIepI4MeHT€IlbHbIe IIpeAenbI B IIoIIcKax HoBOfi Qusux v 3a

rlpeAenaMZ CraH4apruoft MoAenI4 14 rlpoAonxr,rrb r,rccneAo Balr4fl gK3orfiqecKr{x MVJrbrr4-

KBapKoBbrx cocr o suvtit.

3 ' flpu I'I3noxeHI'IrI MarepI'IaJIa aBTop MHoroKparHo rrprrBoAr{T Aerirrrg a1aJrv3a noAo6Hrx
npoueccoB rI cocroqHuit, rcpurepr{eB or6opa co6rnufi, rrro HecKoJrbKo 3arpyAHser BbrAeneHr,re

TJIaBHbIX pe3ynbraroB alr,aJrvsa. CucreMarvsarlufl. B BrIAe ra6lprq Kpr,rrepr.reB or6opa u
KI'IHeMarLItrecKI4x oOlacrefi I{3MepteMbIX BeJII{qIrH rroMorJra 611 6oree HarnrAHo cneAoBarb
gTaIIaM aHanv3a 14 cpaBHl{Barb Kpr,rrepr,rn rrpu BbrreneH uu $uzuqecKlrx npoqeceon.

4' flpu cpaBHeHuI4 pe3ynbrara H3MepeHLIr BKnaAa AByx-[aproHHbrx Bar,rMoA eficrsuir B

o6pasona[Ve J/yt Jly c rpeAcKa3a:nurvll{ reoperrrqecKr4x pacrreroB Ha ocHoBe k1 Saxropu3'*u
(Sopnaylst 3'26 n 3.28 Auccepraqura) aBTop 

'JII.IITK.M 
orrrrrMr.rcrr{qHo yKasbrBaer Ha corJrac'e

I'I3MepeHuit u pacrreroB B rlpeAenax lo. PasHLIIIa MexAy sKcrrepprMeHToM rr MoAeJrbro cocraBJrrer
BeJII'IqI4Hy [optAxa 1.6 or KBaAparuquofi cyMMbI oKcrreprlMeHTaJrbHbrx r.r MoAenbHbrx oruuoor.
B Aucceprallun rpplBoAqrct I'I3MepeHHbre ceqeHr{r o6pasonalr4fl, Jlty Jlrqt B oAHo-naproHHbrx Ll

ABYX.IAPTOHHbIX B3AIIMOAEftCTBUfi, YIIIHO}KEHHbIE HA KBATPAT BEPOflTHOCTII KAHAIIA PACNARA JIY
($opn'rylst 3.25 u 3.26). llpz eroM pe3ynbrarbr r{3MepeHr{r cpaBHr,rBarorcr c reoperr4rrecKr4Mt4

pacrleraMl'I AIrfl ronHoro ceqeHl4q o6pasonaHLrfl JIV JIV (Soprraynu 3.27-3.30), qro, ro-
BIIAHMOMy, flBIrfleTcfl oueqarrofi. TaxNe He coBceM rloHtrHo, trpH KaKr4x rrpeAnonoxeHrrf,x

BbIloJIHtJIt4cb reopeTHrlecKve pacrlerbl, TaK KaK B ny6lvrarlr4flx, fAe orlncaH Teoperuuecrnfi
loAXoA Ha ocHoBe kr Oarropld3allllu, Her caMr,rx pacqeroB ceqeHufi AauHrrx [poqeccoB.

orNae'reHHble HeAocrarKrl He yMantror AocronHcrB Ar,rccepr arr4u: luccepr a\vfl flBrfleTcs
3aKOHTIeHHbIM HayrIHbIM I'ICCneAoBaHpIeM BbrcoKofo ypoBHr. Pe:ylrrarrr ony6luxoBaHbr B

rIpecrIIXHbx HafrHhIX xypHanax, B ToM ql{cne rolla6opaquefi D0. Anrop rpeAcraBJrflJr
pe3ynbrarhl B AoKnaAax or HMeHI,I xolla6opauvu D0 Ha Melr(AyHapoAHbrx HayrrHbrx
rou$epeHllu.flx, rrro rloATBepxAaer 3HarrrlTeruHufi BKnaA aBTopa B r.rccneAo BaHufl.
flolyveuHble pe3ynbrarbl sBJlf,Iorcq aKTytrnbHbrMpr 4m Qr,r:r{Krr Bhrcoxui eueprufi, TaK KaK oHr{

craJIrI ocHoeofi rnfl AanrHefiurux l4ccneAo nauuit, KoTopbre B Hacrorrqee BpeMr BeAyrc, Ha

rcollafiAepe LHC n I{EPH, a raK}Ite Anr pa3Br{Tr4r reoperuqecKr.rx uoAelefi, KaK 3a 11peAe naMu



CraHAaprsofi MoAeJIII, TaK H B paMKax KBaHTonofi xpoMoAr,rHaMnKvr. floloxeHurfl vr BbrBoAbt

Aucceprarlura o6ocHoBaHbr c Ha) {Hofi roqrcu 3peHrrr.

A ero pe Qepar raccepr aq:au rroJrHocrs[o co orBercrByer reKcry Auccepr aw4u.

[racceprawfl A.B.flonoea 6*ycronHo yAoBnerBoprer t rpe6oe aHHflM, rrpeAbflBJrreMbrM K

Al4cceprallplf,M Ha collcKaHne yr€Hofi creneHn IoKTopa Susnxo-MareMarprr{ecKr4x HayK rro

cnequiilbHocrn 01.04.23 - <<OugHKa BblcoKr4x sHeprvfr\), a ee aBTop 3acnyxnBaer rpucpmAenvrfl

grofi crerreHn.

KanuruuH Mnxaun HnrcolaeBur{.

.{orcrop QuaHrco-MareMaruqecKux HayK,

HaqamsLIK orAeJra H3OBMH, Jla6oparopr{fl Ousrrca BsrcorcHx 3ueprufi,

O6reAz HesHsrfr Vlucruryr .f gepH rx Hccle4o naHufi ,

| 4 I 980, Mocrcoecrca-f, o6r., r.,,{y6H r, yn.Xonuo Kropu 6

Ten. (49621)-62861, agpec 3neKrpoHHofi no.{rrr: kapishin@jinr.ru

llo4nHcs M.H.KanHrrrHHa 3aBepqlo.

V.{eHsrfi ceKperaps Jla6oparoplru (Dusr,rrcH Bsrcorcux 3Heprnfi OVIflU

KaHAHAaT SHsHrco-MareMarur{ecKux HayK

A.lI.9enJraKoB

25 ailpenr 2022 r.


