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0611\aH xapaKTepucruKa pa6oTLI 

AKTYaJILHOCTh TeMLI. KBaHTOBaH xpoMo,qHHaMHKa (KX,LO - 3TO qacrh 
CTaH,qapTHoii Mo,qenn, onHChiBaJOIQaH cnnhHhie B3aHMo,qeiiCTBHH. B 3TOH TeopHH 
OCHOBHbiM HHCTpYMeHTOM BbJqHcneHHH Ha6nJO,qaeMhiX HBnHeTCH nepryp6arnBHOe 
pa3nO)I(eHHe no KOHCTaHTe CHJibHOrD B3aHMO,[\eHCTBHH O:s. 3Ta KOHCTaHTa 3aBHCHT 
oT 3HeprernqecKoro MacniTa6a, xapaKTepH3yJOIQero cpn3nqecKHii npoqecc. Ba)I(
HaH oco6eHHOCTh KX,LJ; - acHMnTOTHqecKaH cso6o,qa: c pocToM 3HeprernqecKoro 
MaCIIITa6a, fJ,, KOHCTaHTa CBH3H YMeHbiiiaeTCH H,, Ha060pOT, ysennqnsaeTCH npH era 
YMeHhiiieHHH. Ilpn 6onhiiiHX 3HepmHX KX,LJ; ycneiiiHO onnchmaeT 3KcnepnMeHTanh
Hhie ,qaHHhie, o,qHaKO Ha MaCIIITa6ax 6nH3KIJX K MaccaM a,qpoHOB (p, rv AKX,q) TeopHH 
B03MYIQeHHll CTaHOBHTCH HenpHMeHHMOH. 3TO npHBO,[\HT K B03HHKHOBeHHJO 0,[\HOH 
H3 KJIJOqesbiX npo6neM cospeMeHHOH cpmHKH 3neMeHTapHbiX qacrnq - npo6neMe 
onncaHHH cpopMnposaHHH CBH3aHHhiX cocTOHHHii B KX~. HecMOTpH Ha orpoMHhiH 
nporpecc B Henepryp6aTHBHhiX noxo,qax, B nepsym oqepe,qh B peiiieTOqHoii KX~, 
3Ta npo6neMa OCTaeTCH HepellleHHOH. 

OcHOBHbie Ha6nJO,qaeMbie npn HHJKHX 3HepmHx - cneKTpbl, a,qpoHos H nx 
CBOHCTBa. 11X myqeHHe MO)I(eT 6hiTb KJIJOqQM K nOHHMaHJ:IIO ~ B pe)I(HMe CHnhHOll 
CBH3H. 0,qHa H3 HaH6onee HHTepeCHbiX H Ba)I(HbiX 3a,qaq a,qpoHHOH cneKTpOCKOnHH
nposepKa cy14eCTBosaHHH 3KJOTnqecKHX cocToHHHii. B o6IQenpHHHTOii KBapKosoii 
Mo,qenH a,qpOHbl npe,qCTaBnHJOT ¥13 ce6HKBapK-aHTHKBapKOBbie COCTOHHHH {Me30Hbl) 
HnH TpeXKBapKOBble COCTOHHHH (6apHOHbl), 0,[\HaKO HHqero He 3anpeiQaeT CYJlle
CTBOBaHHe a,qpOHOB BHe 3TOH CXeMhi: qncro rJIJOOHHbiX COCTOHHHH (rnJ060nOB), 
COCTOHHHH C B036y>K,qeHHbiM rJIJOOHHbiMH CTeneHHMH CBo6o,qbi (m6pH,[\OB), a TaK
)I(e MHOfOKBapKOBbiX H Mone.KynHpHbiX COCTOHHHH. .Donee TOrD, TaKHe COCTOHHHH 
npe,qcKa3biBaJOTCH B peiiieToqHhiX BhJqncneHHHX, npasunax cyMM H , pa3nnqHhiX 
KX~-Mo,qeAAx (eM., HanpnMep, o63opbi [1; 2]). B o6IQeM cnYJiae 3KJomqecKHe co
CTOHHHH MOfYT CMeiiiHBaTbCH C 06hJqHbiMH a,qpoHaMH H HX H,[\eHTHcpHKaQHH Tpe6yeT 
,qeTanhHOro noHHMaHHH a,qpoHHbiX. cneKTpOB. Han6onee y6e,qHTenbHhie CBH,qe
TenbCTBa B nonh3Y CyiQeCTBOBaHHH 3K3ornqecKHX (MHOrDKBapKOBbiX) COCTOHHHH 
nonyt~eHhi npn H3yqeHHH KBapKoHHeB H CBH3aHHhiX c HHMH cocroHHHii [3].B ceK'!o
pe nerKHX a,qpOHOB, HeCMOTpH Ha orpOMHhie npHnO)I(eHHbie ycHnHH, 3K30THqecKHe 
COCTOHHHH Ha,[\e)I(HO He H,qeHrncpHQHpoBaHbl. B qaCTHOCTH, nOHCKH rJiJ06ona ,1\JIHT

CH oKono 50-TH neT. Jlerqaifiiiee rnJ06onhHOe cocTOHHHe cosna,qaeT no ·KBaHTOBhiM 
qncnaM CO CKanHpHbiMH Me30HaMH H MO)I(eT C HHMH CMeuiHBaTbCH. 11HTepnpeTaQHH 
ClleKTpa f0-Me30HOB OCTaeTCH B 3HaqHTenhHOll Mepe Heonpe,qeneHHOH. 0CHOB
Hble HCToqHHKH 3KCnepHMeHTanhHOll HmjJOpMaQHH 0 HHX - 3TO pacna,qbi J j'!f;, 
npoTOH-aHrnnpoTOHHaH aHHHrHnHqmi, 3ap}l,l\OB006MeHHhie peaKQHH H QeHTpanbHOe 
po>K,qeHHe. Pa,qHaQHOHHhie pacna,qhl J /'if; HBAAJOTCH o,qHHM m Han6onee MHoroo6e
IQaJOIQHX npoqeccos AM noll:fKa rnJ06ona: cc naja aHHHrliiji¢yeT B. cpoToH H ,qsa 
rnJOoHa, KoTopbie MOrYT o6p~JJt~lH~~~*.XH 'leCK 
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3KcnepHMeHT BE Sill HaHnytiiiillM o6pa3oM npHcnoco6neH Amimyqemrn cneK

TpocKonHH nerKHx ~poHOB. 0AHOHMeHHllil Konna6opaqmr Ha6pana 6ecnpeqeAeHT

Hbie no 06beMy ll KaqecTBy AaHHble no pacn~aM COCTOHHllH qapMOHllH, ll J l'!f; B 

qaCTHOCTH, qro BMeCTe C ll3BeCTHOCTblO KBaHTOBbiX qllCeJI HaqaJibHOrO COCTOHHllH, 

Hll3KllM cpOHOM 3JieKTpOH-n03HTpOHHbiX CTOJIKHOBeHllH ll MeXaHll3MOM pacn~a CO

CTOHHllH qapMOHllH qepe3 aHHllrllJIHQlllO C ll C B rniOOHbl OTKpbiBaeT yHllKaJibHbie 

B03MQ)KHOCTll AnH cneKTpOCKOnllll nerKHX ~pOHOB ll nOllCKa 3K30TllqecKHX COCTO

HHllH. 

B HeAaBHllX pa60Tax [ 4; 5] AnH HeJaBHCilMOm aHaJIHJa Konna6opaqHeii BESIII 

ony6JillKOBaHbl llHTeHCllBHOCTH ll OTHOCHTenhHbie cpa3bl napqHaJibHbiX BOJIH AByxMe-

30HHOH mcTeMhi B p~HaQHOHHbiX pacn~ax Jl'!f; Ha 1r0 1r0 
ll KsKs. BKniOqeHHe 

TaKllX AaHHbiX B H~ll6onee nOJIHbiH Ha AaHHbiH MOMeHT COBMeCTHbiH aHanm [6] npo

qeccoB npOTOH-aHTllnpOTOHHOH aHHllrllnHQllll ll Me30H-Me30HHOm nepepaCCeHHllH 

AOJI}({}IO 3HaqllTeJibHO ynytiiiiHTb Hallie nOHllMaHlle CneKTpa ll CBOHCTB CKaJIHpHbiX 

MeJOHOB H, KaK O)KllAaeTCH, MO)KeT AaTh yKaJaHHH Ha CYilleCTBOBaHHe rni06ona. Heo6-

XOAHMOCTh .napqHanhHO-BOnHoBom aHanHJa (IIBA) pacn~a J l'!f; -+ K+ K-1ro 
HJHaqanhHO BOJHHKna m J~aqll yqeTa HeycTpaHHMom cpoHa B pacn~e J l'!f; -+ 
1K+ K-. 3ToT pacn~ TaK)Ke npeACTaBnHeT caMOCTOHTenbHbie HHTepec H CBHJaH c 

noHCKOM 3K3oTHqecKHx cocTOHHHH. TaK, Konna6opaqHH BESII JaHBnHna o Ha6niOAe

Hllll B 3TOM pacn~e aHOManbHO IIIllpOKOm COCTOHHllH X(1575) (7]. 3TO COCTOHHlle 

BhBBano JHaqHTenhHbiH HHTepec co cTopoHhi TeopeTHKOB: B qenoM PHAe pa6oT 3TOT 

peJoHaHc HHTepnpeTHpoBanCH KaK MeJOHHllil Moneeyna HJIH qeTbipexKBapK(moe co

CTOHHHe. KpoMe TOm, HeAaBHO 3TOT pacn~ 6bm npoaHaJill3llpOBaH KOJIJia6opaqHeH 

BABAR [8] Ha He6onhiiiOM Ha6ope AaHHhiX, OTo6paHHhiX c noMOI.QhiD MeTOAa pa

AHaQHOHHom B03BpaTa. B 3TOM aHanme aHanorHqHbie cTpJKTYpbi B AaHHbiX 6bmll 

npHnHcaHbi p(1450), a TaK)Ke 6bma ony6nHKOBaHa oqeHKa OTHOIIIeHHH napqHanb

HbiX IIIHpHH B(p(1450) -+ K K)l B(p(1450) -+ 1r1r). CBOHCTBa po)K,ll,eHHH p(1450) 
ll em napqHanbHaH IIIHpHHa pacn~a B K+ K- npeACTaBJIHIOT HHTepec, TaK KaK 3TOT 

pe30HaHC MO)KeT COAep)KaTb npHMeCb rn6pHAHOm COCTOHHllH (9]. TaK)Ke H~O OT

MeTHTb; qTQ B pacn~e AOCTJnHbl KaOHbie pe30HaHCbl C ecTeCTBeHHOH qeTHOCTblO ll 

MaCCOH AO 2,6 f3B. CneKTp KaOHHbiX COCTOHHllH ll3BeCTeH OTHOCllTeJihHO nnoxo ll 

HBJIHeTCH npeAMeTOM KaK TeopeTHqecKHX, TaK ll 3KCnepHMeHTaJibHbiX llCCJieAOBaHllH 

( CpeAll npoqem em llCCJieAOBaHllH HBJIHIOTCH qaCTblO cpHJllqeCKOH nporpaMMbl nna

HllpyeMC)ro 3KcnepHMeHTa AMBER [10]). 

· IJ;ennMn AaHHoii pa6oThi 6bmH 

1. l1JyqeHlle cneKTpa ll CBOHCTB pO)K,ll,eHHH ll30CKanHpHbiX CKaJIHpHbiX Me30-

HOB B aHanme p~HaQHOHHbiX pacnaAOB J I 'lj; coBMecrno c AaHHbiMll no 

nllOH-niiOHHOMY nepepacceHHlllO II npOTOH-aHTllnpOTOHHOH aHHllrllJIHQllll 

II nOllCK CKanHpHOm rni06ona. 

2. lhyqeHHe cneKTpa KaOHHhiX peJoHaHcos ll peJoHaHcos B CHCTeMe K+ K-, a 

TaK)Ke nposepKa cytqeCTBOBaHHH 3K30TllqecKOm COCTOHHllH X(1575) B pac

n~e Jl'!f; .;::+ 1(+1(~·1r0·:B npoqecce pa60Tbl H~ napqllanbHO-BOJIHOBbiM 

aHaJill30M llOCJie,z:\Hero'pai:n~a·B03HllKna Ja,haqa pa3pa60TKll MeTOAa yqeTa 

i ~i: h' ·~ i l i ~ !: 4'i ~ i ;~: . 
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pa3peiiieHHH AeTeKTopa B napqHanhHO-BOJIHOBOM aHanHJe, HMeiOtqem npH

eMneMJIO BblqllCJillTeJibHJIO CJIO}({}IOCTb. 

MeTOAOJIOrHH n MeTOAbi nccnej\oBaHIIH. 0T6op co6brmil, oqeHKa cpoHOB ll 

aHanm nonyqeHHhiX AaHHhiX B pacn~e Jl'!f;-+ K+ K-1ro BhiTIOnHeHhi c noMOI.QhiO 

craJIAaprnhiX AJIH cpmHKH BhiCOKHX 3Heprnii MeTOAOB. AnnpoKCHMaQHH AaHHhiX 

B napqHanhHO"BOJIHOBOM aHanll3e C nOMOI.QblO CJMMhl cpyHKQllH EpeHTa-BllrHepa, 

OTBeqaiOI.QllX pa3JillqHhiM pe30HaHCaM B K1uKAOH napqHaJihHOH BOJIHe, HBJIHeTCH CTaH

AaprnbiM nOAXOAOM AM· onpeAeneHHH JIHAHPYIOI.QHX mHrynHpHocTeii aMnnHTJAhi 

cpHJHqeCKom npoqecca. 3TOT I10AXOA HMeeT onpeAeneHHhie HeAOCTaTKH, OAHaKo 

I1pllMeHeHlle 6onee CJIO}({}IbiX MeTOAOB He npeACTaBnHeTCH B03MO}({}IbUd B mny OTcyT

CTBllH AOI10JIHHTenhHhiX AaHHhiX. AHanHJ p~HaQHOHHhiX pacn~oB J l'!f; cosMecrno 

c APyrHMH AaHHhiMH npoBOAHJICH c noMOIJ,IhiO HaH6onee o6tqem Ha AaHHhiH MOMeHT 

N I D-MeTOAa, yqHThiBaiOtqem KaK nepepacceHHHe MeJOHOB, TaK ll AByxqacTHqHYIO 

yHllTapHOCTb. 

OcnoBHbie nono)KeHHH, BbiHOCIIMbie ua JaiQnry: 

1. C noMOI.QhiO napqHaJihHO-BOJIHOBom aHanma onpeAeneHa cTpyKrypa pac

n~a Jl'!f; -+ K+ K-1r0 : HAeHTllcpllQHposaHhi coCTOHHHH K*(892)±, 
K2(1430)±, K2(1980)±, K4(2045)±, a TaK)Ke ·ABe cTpJKTYphi s meTe

Me K+ K-. PeJoHaHch'I K2(1980)±, K4(2045)± BnepBhie Ha6niOAaJIHCh B 

pacnaAax Jl'!f;, AJIH CTPYKTYP B CllCTeMe K+ K- npeAJIO)KeHbl B03MO}({}Ihle 

HHTepnpeTaQHll. B aHanme He HaiiAeHo CBHAeTenhCTB B nonhJY cytqe

CTBOBaHHH 3K30TllqecKom COCTOHHllH X(1575), a TaK)Ke 3HaqllTeJihHOm 

(cpaBHHMom c peJynhTaTaMH BABAR) BKn~a p(1450). 
2. Pa3pa6oTaH npH6JIH)KeHHhiH MeTOA yqeTa pinpeiiieHHH AeTeKTopa: no

npasKa Ha pa3peiiieHHe KoppeKTHo ytiHThiBaeTCH AJIH nepeMeHHhix 

~anHQ-AHarpaMMhi TpemacTHqHom pacn~a. MeTOA npiiMeHHM B 

napqHaJihHO-BOJIHOBOM aHaJIH3e, C em nOMOI.QblO nonyqeHhl Hall6onee 

ToqHhie mMepeHHH napaMeTpoB K*(892)± ll K2(1430)±. 
3. C HaHnyqiiieH Ha AaHHhiH MOMeHT TOqHOCTblO onpeAeJieHa napqHaJibHllil 

IIIllpllHa B(Jj'lj;-+ K+ K--:1[0 )' = (2,88:l;:O,Ol±0,12) X w-3, TaK)Ke onpe

AeJieHbl napqHaJihHbie IIIllpllHbl pacn~a qepe3 npoMe)KJTOqHbie COCTOHHllH. 

4. B coBMecrnoM aHanHJe S-BOJIHhi p~HaQHOHHhiX:pacn~oB Jl'!f; Ha 1r01r0 , 

KsKs, ·TJTJ ll w¢, AaHHhiX no nHoH-nHOHHOMY pacceHHHIO ll npoToH

aHTHnpoTOHHOH aHHllniJIHQllll onpeAeJieH cneKTp f 0-pe30HaHCOB; 3Tll CO-
. . 

CTOHHllH llHTepnpeTllpOBaHhl KaK llMeiOtqlle npellMYilleCTBeHHO CllHrneTHbie 

ll npellMYille~eHHO OKTeTHhie cpneHBOpHble BOJIHOBhie cpyH~llll {Ao CMe

IIIllBaHHH C rni060JIOM); ycTaHOBJieHO CYilleCTBOBaHlle AByx COCTOHHllll B 

o6nacTH Mace 1700-1800 M3B. 

5. B cneKTpe po)K,ll,eHHH IIJOCKanHpHhiX cKanHpHhiX MeJOHOB KaK cpyHKQllll 

HX MaCChi B o6naCTH 1500-2100 M3B o6HapJ)KeH nHK, K.oTOpbiH MO

)KeT 6h1Th HHTepnpeTHpoBaH KaK po)K,ll,eHHe rni06ona. lh annpoKCHMaQHll 

3Tom cneKTpa onpeAeneHhi em Macca, IIIHpHHa H napqHanhHrui IIIllpHHa 
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pmKp,emUI B pa,n;uaqnoHHhiX pacna,n;ax J 1'¢: M = (1865 ± 25~~g) M3B, 

r = 370 ± 50~~g M3B li BJN-+iG = (5,8 ±1,0) x 10-3. 
Hayqmm HOBH3Ha: 

1. Pa3pa60TaH MeTOA oT6opa pacna,n;os Jl'¢-+ K+ K-1ro HJ p,aHHhiX 3Kcne
pnMeHTa BESIII, a TaiOKe MeTOA oqeHKH cooTBeTCTBYJOillliX cucreMarntJe
CKHX OIIIH60K. 

2. IlapquaJihHO-BOJIHOBOii aHaJIHJ pacna,n;a Jl'¢ -+ K+ K-1r0 , nposep,eH
HhiH Ha peKOP.z\HOH crarncrnKe 3KcnepnMeHTa BESIII, noJBOJiliJI Hap,e.>KHo 
li,l\eHTliQlliQHpOBaTh npoMe)K)'T~!JHhie COCTOllHiffi, paHee He Ha6JIIO,l\aBIIIli
eCH B pacnap,ax J 1'1/J. Ilpe,l\JIO:lKeHa liHTepnpeTaQHll COCTOllHliH B CliCTeMe 
K+ K-, paHee He BCTpetiasrnallCll B JIHTeparype. PeJyJihTaThi napquanhHO
sonHosoro aHaJIHJa, B tJaCTHOCTli Ha6op li OTHOCHTeJihHhie BKJICI,D,hi COCTO
llHliH B JPC = 1-- napQHaJihHOH BOJIHe, 3HatJHTeJihHO OTJIHtJaiOTCll OT 
npe,l\CTasneHHhiX paHHee Konna6opaQHllMH BESII H BABAR, B TOM tJHc
ne He HaH,l\eHO yKaJaHHH Ha CJilleCTBOBaHHe 3K30TH1JeCKOrO COCTOllHlill 
X(1575) H Ha JHatJHTeJihHhiii BKJiap, pe3oHaHca p(1450)0. 

3. Pa3pa60TaH li npHMeHeH K li3MepeHHIO napaMeTpOB pe30HaHCOB HOBhiH npH-
6JIH:lKeHHhiH MeTOA ytJeTa pa3perneHHll AeTeKTopa B napqnaJihHO-BOJIHOBOM 
aHaJIHJe. MeTOA snepBhie KoppeKTHo YtJHThmaeT pa3perneHHe AeTeKTopa 
,!\Jill TpeXtiaCTli'IHhiX pacnap,OB B nepeMeHHhiX ~aJIHQ-,1\HarpaMMhi. 

4. BnepBhie HJOCKanllpHhie cKanllpHhie MeJOHhi H3YtJaJIHCh B pa.z\HaQHOHHhiX 
pacna,n;ax J 1'1/J Ha 1r1r, K K, 'fJ'fJ H w¢ cosMecrno c AaHHhiMH no ,l\ByxnnoH
HOMY nepepaccellHHIO H pp aHHHrHJillQHH B N I D-no,l\XO,l\e, 'ITO noJBOJIHJIO 
JHatJHTeJihHO ynYtJrnHTh noHHMaHHe ux cneKTpa. YcTaHosneHo HaJIHtJHe 
ABYX cocTOllHHii B HHTepsane Mace 1700-1800 M3B, npeAJIO:lKeHa HH
TepnpeTaQHll cneKTpa f0-Me30HOB. 113 JHatJeHHii napqnaJihHhiX rnnpHH 
pO:lK,l\eHHll CKaJillpHhiX Me30HOB B pacnap,ax J 1'1/J llOJIYtJeHhi HOBbie li HaH60-
Jiee CliJihHhie Ha ,l\aHHhiH MOMeHT yKaJaHHll Ha CYilleCTBOBaHHe CKaJillpHOrD 
rn106ona. 

llpaKTntJecKaH 3HatJUMOCTb. 0TCJTCTBHe s pacna,n;e Jl'¢ -+ K+ K-1ro 
KaKHX-JIH60 JKa3aHHH Ha cyllleCTBOBaHHll 3K30TH1JeCKOrD COCTOllHlill. X(1575) 3a
KpbiBaeT sonpoc o era cyllleCTBOBaHHH H HHTepnpeTaQHH. CpasHeHHe npeqHJHOHHO 
HJMepeHHoii B 3TOM pacna,n;e MaCChi K*(892)± H cpe,l\Hero cpe,l\HeMnposoro 3Ha
tJeHHH ,!\Jill HeiiTpanhHOro K* (892)0 noKaJhmaeT, 'ITO, B OTJIHtJHe oT npe,l\hJAJiliHX 
li3MepeHHH, pa3HOCTh 3TliX MaCC He npOTliBOpetiHT pe3yJihTaTaM KHpaJihHOH KBapKO
BOH MO,D,eJIH. 113MepeHHe napaMeTpOB BTOpOro J p = 2+ KaOHHOrD pe30HaHCa MO:lKeT 
JKa3hiBaTh Ha HaJIHtiHe ,l\Byx pe30HaHCOB B o6JiaCTH 1,8-2,0 f3B li llBJilleTCll Ba.>KHhiM 
AJili cncreMarnJaquu MeJOHOB s qmeiisopHhie SU(3)-HoHeThi. QeHTpaJihHoe JHatJeHHe 
MaCChi 3TOro COCTOllHlili XOpOlliO cornacyeTCH C JIHHeHHhiMli pe,l\:lKellO,l\06HhiMli Tpa
eKTOpliliMli B UJIOCKOCTli ( n,M2 ). 110,!\TBep:lK,l\eHHe liJlli onposep:lKeHHe 3TOrD llBJieHHll 
Allli a,n;poHos npe.z\CTaBJilleT HHTepec npu nocrpoeHHH AYaJihHhiX H noTeHqnanh
HhiX KBapKOBhiX MO,l\eJieH. IlOJIYtJeHHOe B napqHaJihHO-BOJIHOBOM aHaJIH3e ,l\eTaJihHOe 
onucalme KHHeMarnKH pacna,n;a noJBOJilleT aHaJIH3nposaTh pa,n;uaqHOHHhiii pacna,n; 
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J I 'if; -+ 1 K+ K-, a TaiOKe MO:lKeT ucnoJih30BaThCH B 3KcnepnMeHTe BE Sill AJili 
KOHTpOllll paCXO:lK,l\eHHH Me:lKAJ 3KCnepHMeHTaJihHhiMli ,Ll,aHHhiMli li MO,l\eJIHpOBaHH
eM MeTO.z\OM MOHTe-KapJIO (MK-MO,l\eJIHpOBaHHeM) AJili CHCTeMhi li,l\eHTliQJliKaQlili 
qacrnq. 

B cosMeCTHoM aHaJIHJe pa,n;uaqnoHHhiX pacna,n;os J 1'1/J, AaHHhiX npoTOH
aHmnpoTOHHoii aHHHrHJrnQHH H nnoH-nHOHHoro nepepaccellHHH 6hmH nonytJeHhi 
Han6onee y6eAHTeJihHhie Ha AaHHhiii MOMeHT JKa3aHHH Ha CJilleCTBoBaHHe cKa.Jllip
Horo rn106ona co cropoHhi aHaJIHJa 3KcnepHMeHTaJihHhiX AaHHhiX. 3m JKa3aHHll 
MOrJT ChirpaTh KJIIO'IeBYJO pOllh B li,l\eHTliQJHKaQHli 3TOrD COCTOllHlili - perneHHli 
0,!\HOH li3 CaMhiX HHTepeCHhiX li Ba.>KHhiX 3ap,aq cneKTpOCKOlllili . JierKHX ap,pOHOB, 
B03HHKIIIeH BMeCTe C KBapKOBOH MO,l\eJihiO. Ilpe,l\JIO:lKeHHall liHTepnpeTaQlill CneKTpa 
li30CKalllipHhiX CKaJillpHhiX Me30HOB M0)!5eT 6biTh Ba.>KHhiM lliarDM B ycTaHOBJieHHli 
npHpO,l\hi 3TliX COCTOllHliH. 

p;ocToBepuocT&. ~ocTosepHOCTh peJyJihTaToB aHannJa pacna,n;a J I 'if; -+ 
K+ K-1ro nO.z\TBep:lK,l\eHa HeJaBHCHMoii nposepKoii BHJTPH Konna6opaquu BESIII H 
pe3yJihTaTaMH peqemuposaHHll B :lKypHane Physical Review D. PeJyJihTaThi aHanuJa 
6hiJIH BKJIIOtJeHhi B Ta6JIHQhi Particle Data Group (PDG) [9]. 

S-BOJIHhi pa,n;uaqnoHHhiX pacna,n;os J I 'if; Ha naphi MeJOHOB onucaHhi cosMecT
HO c 6oJihlliHM KOJIHtJecrsoM ,D,pyrux AaHHhiX c rioMOillhiO N I D HO.z\XO.z\a. TaKoii 
UO.z\XO,l\ llBJilleTCll HaH60Jiee Hap,e.>KHhiM Cll0C060M liCCJie,l\OBaHHll ap,pOHHhiX CUeK
TpOB. CneKTp onucaH c noMOillhiO Ha6JIIO,l\aBrnHXCll paHee pe3oHaHcos, napaMeTphi 
H napquaJihHhie rnHpHHhi po:lK,l\eHHH KOTOphiX He npornsopetiaT npe,l\hJAYillliM H3-
MepeHHllM. EAHHCTBeHHOe HCKJIIOtJeHHe - BBeAeHHe ABYX cocTOllHHii B nHTepsane 
HHBapnaHTHhiX Mace 1700--1800 M3B BMecTO O.z\HOro j 0(1710). Ha Heo6XO.z\HMOCTh 
CJilleCTBOBaHHll .z\BYX COCTOllHliH B 3TOH 06JiaCTli paHee yKa3hiBaJIOCh B pa60Te [11). 
KpoMe TOrD, Ha 3TO JKa3biBaeT pa36poc COOTBeTCTBYJOillliX 3KCnepHMeHTaJihHhiX pe-
3YJihTaTOB [9]. Macca H napquanhHaH rnupuHa po:lK,l\eHHll rn106ona, onpe,l\eJieHHhie 
li3 llOJIO:lKeHHe llliKa B cneKTpe pO:lK,l\eHHll pe30HaHCOB KaK QJJHKQlili liX MaCChi, B npe
,l\eJiax ornu6oK cornacyiOTCll c BhitJHCJieHHHMH B perneTOtJHOii KX)J. [12; 13]. Macca 
TaiOKe cornacyeTCll C KX~ Bhi'IliCJieHHllMli pa60Thi [14) li Bhi'IliCJieHHllMli Ha OCHOBe 
ypasHeHHii ~aiicoHa-IIIBHHrepa H ·EeTe-ConnHTepa [15]. 

Anpo6aqnH pa6oT&I. PeJyJihTaThi pa6oThi .z\Oitllap,hmannch asTopoM Ha ciJeAy-
IOiliHX Me:lK,l\yHapO,l\HhiX KOHQJe~eHQlillX: . 

1. 19-th Lomonosov Conference on Elementary Particle Physics, Moscow, 22-
28 August 2019 (s paMKax o6JopHoro AOKJiap,a no cneKTpocKonHH nerKHX 
a,n;poHoB B 3KcnepnMeHTe BESIII). 

2. 9th International Conference on New Frontiers in Physics (ICNFP 2020), 
Crete, 4-12 October 2020. 

3. 5-th International Conference on Particle Physics and Astrophysics (ICPPA 
2020), Moscow, 5-9 October 2020. 

4. XXIV International Scientific Conference of Young Scientists and Specialists 
(AYSS-2020), 9-13 November 2020. · · · 
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JiuquhiH BKJiaA. Ponh asmpa B aHann3e pacna.z:~a Jj'ljJ -t K+ K-n° 6bma 
onpeAemnoll\eii. ABTop onpeAemm KpHTepnn OT6opa co6hrmii, o6pa6oTan 3Kcne
pnMeHTanhHhie AaHHbJe H 01..\eHHn CHCTeMaTHqecKHe OIIIH6KH. ABTOpOM nOCTpOeHa 
nepsaH H qaCTHqHo BTOpaH annpoKCHMa4HH AaHHhiX B nap4HanhHO-sonuosoM aHanH-
3e H 04eHeHhl COOTBeTCTBYJOII\He HeonpeAeneHHOCTH. ABTOp pa3pa6oTan H BHeApHn 
MeTOA yqeTa pa3peweHIDI AeTeKTopa B nap4nanhuo-sonHosoM aHanme. IlonyqeH
Hhie pe3JflbTaThi MHOrDKpaTHO np~CTaBmiJIHCh aBTOpOM Ha pa6oqnx COBell\aHIDIX 
Konna6opa4HH BESIII H, nocne ny6nnKa4HH pe3ynhTaToB, Ha Me>KAyuapoAHhiX KOH
cpepeH4IDIX. IlOMHMO 3TOro, aBTOp npHHHMan HenocpeACTBeHHOe yqaCTHe B ceaHCaX 
Ha6opa AaHHhiX. .J 

ABTop BHeC 3HaqnTeflhHhiH BKna.z:\ B H3}"'eHHe ClleKTpOB H CBOHCTB H30CKa
nHpHbiX cKanHpHhiX pe3oHaHcos Ha AaHHhiX 3KcnepnMeHTa BESIII. B qacrnocTH, 
asmpoM aHanmnposannch pa.z:~na4HOHHhJe pacna.z:lhi J /'1/J COBMeCTHO c AaHHhiMH 
no nnoH-nHOHHOMY nepepacceHHHJO. Ehmo noKa3aHo, qTo ncnonh3JH TOnhKO 3TH 
AaHHhie,· HeB03MO)I(HO Ha.z:le)I(HO 3acpnKcnposaTb nonJOcHyro CTPYKTYPY aMnnHTJA 
paccMaTpnsaeMhiX npo4eccos H qm cneKTp ycTaHosneHHhiX ( cornacHo Ta6nn4 PDG) 
pe3oHaHcos HeAOCTaToqeH AflH onncaHIDI AaHHhiX B o6naeru: HHBapnaHTHhiX Mace Me-
30HOB AO 1800 M3B. 

Tiy6JIHKa4HH. OcHOBHhie pe3ynhTaThi no TeMe AHccepT~HH mno>KeHhi s 3 ne
pnoAnqecKHX HayqHhiX >KypHanax [A1-A3], HHAeKcnpyeMhiX Web of Science H 
Scopus. 

06'beM H CTpJKTJPa pa60Thl. ,lJ;HCCepTal.\HH COCTOHT H3 BBeAeHmi, 5 rnaB, 3a
KflJOqeHHH H 2 npHflO>KeHHH. IlonHhiH o6beM AllCCepTal.\HH COCTaBnHeT 128 CTpaHHI..\, 
BKnJOqaH 30 pncyHKOB H 16 Ta6nn4. CnncoK nnTeparyphi coAep>KHT 148 HaHMeHo
BaHHii. 

CoAep>Kauue pa6oThi 

Bo BBeAeHHH 060CHOBaHa aKryanbHOCTb HCCfleAOBaHHH, npOBOAHMhiX B paM
Kax AaHHoii AHccepTa4HOHHoii pa6oThi, npnseAeH o63op HayqHoii nnTeparyphi no 
myqaeMoii npo6neMe, ccpopMynnposaHa 4enh, nocTasneHhi 3a.z:1aqn pa6oThi, ccpop
MynnposaHhi Ha}"'HaH HOBH3Ha H HayqHaH 3HaqHMOCTb npeACTaBnHeMOH pa60Tbl. 

llepBaH rJiaBa llOCBHII\eHa KBaHTOBOH XpOMOAHHaMHKe B pe>KHMe CHflhHOH 
CBH3H H KflJOqeBbiM Ha6nJOAaeMbiM - cneKTpaM CBH3aHHbiX COCTOHHHH H HMe
IOII\HMCH llOAXOAaM K HX OllHCaHHJO. 06CJR<AaiOTCH CHCTeMaTH3a4illl a.z:lpOHHbiX 
cneKTpos B paMKax o6Il\enpHHHToii KBapKosoii MOAenn H peA:>KeBcKHx (peA:>Ke
noAo6HbiX) TpaeKTOpHH, a TaK>Ke B03MO)I(HOe CYII\eCTBOBaHilll 3K30THqeCKHX CO
CTOHHHH. Oco6oe BHHMaHne YAeneHo nmepnpeTa4HH H30CKanHpHhiX cKanHpHhiX 
COCTOHHHH H npo6neMe nOHCKa H IfAeHTHQJHKal.\HH CKanHpHOro rn1060na. B KOHTeKCTe 
nap4nanhHo-sonHosoro aHanma pacna.z:~a Jj'ljJ -t K+ K-no o6cJR<AaiOTCH KaOHHaH 
ClleKTpOCKOllHH H BOnpoc 0 CJII\eCTBOBaHHH 3K30THqecKOrD COCTOHHHH X(1575). 
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Bo BTOpOH rJiaBe OnHCaHbl QJOpManH3M H MeTOAhl,. C llO~Oll\hiO KOTOpbiX 
npoBeAeH nap4HanhHO-sonHosoii auanm. AMnnHTJAhi AflSI nap4HanhHhiX sonH crpo
HnHCh Ha ocHose KOBapnaHTHoro TeH:iopHoro cpopManH3Ma (eM., IianpnMep, pa6o
TY [16]). Pacna.z:~ J /'1/J -t K+ K-no onncaH c noMOII\hiO mo6apHoii MOAenn pacna.z:~a, 
BKna.z:lhl pe30Ha~COB BBOAHnllCb C nOMOII\hiO cpopMJflhl Epefua-Bnmepa · Hflll HX 
CJMMbl npH HannqHH HeCKOflbKHX pe30HaHCOB B nap4HanhHOH BOnHe. 3TOT TIOAXOA 
HBJIHeTCH pa3JMHhiM AJIH BhiAeneHHH flllAHPYJOII\HX CHHryJIHpHOCTeii. IlpHMeHeHHe 
6onee cno)I(HbJX MeTOAOB, TaKHx KaK K -MaTpnqHhiii nnn N / D aHanH3, He onpasAaHo 
B cnny OTCJTCTBHH AOCTaTOqHoro o6beMa AaHHhiX no KaoH-Me30HHOMY nepepac
ceHHHJO. B npo4ecce aHanH3a 6bmo o6HapJ>KeHo, qm AJIH HeKoTopbiX pe3oHaucos 
flllAHPYJOII\HH BKna.z:l B CHCTeMaTnqeCKYJO OlliH6Ky H3MepeHHH HX napaMeTpOB BHOCHT 
npeHe6pe>KeHHe pa3peweHHeM AeTeKTopa npn soccTaHosneHHH qeTbipexnMnynhca 
KOHeqHhiX qacTH4. ,ll;nH MHHHMH3a4HH cncreMaTHqecKHx own6oK 6bm pa3pa6o~ 
TaH npn6nH>KeHHhiH MeTOA yqeTa pa3perneHHH AeTeKTOpa, HMeiOII\HH npHeMneMyro 
BhJqncnnTenhHYJO cno)I(HOCTh. MeTOA ocHoBaH Ha ABYX npeAnono>KeHIDix: npnMe
HHMOCTH TeiinopOBCKOro pa3nO>KeHHH AflH CBepTKH AHQJcpepeH4HanhHOro ceqeHHH C 
QJJHK4Heii OTKnHKa (ManOCTH pa3perneHHH B HHBapHaHTHOH MaCCe napbl qaCTHI..\ no 
cpaBHeHHJO C lliHpHHOH pe30HaHca) H yqeTOM B 3TOH CBepTKe TOflbKO nepeMeHHhiX 
M'fu"'o H M'k+"'o- KBa.z:lpaTOB HHBapnaHTHhiX Mace CHCTeM K+n° H K--.n°. 3cp
cpeKTHBHOCTh npnMeHeHHH MeTOAa npnBeAeHa Ha pncyHKe 1. MeTOA ony6nnKosaH 
B pa60Te [A1]. 

>12 . . : . : > . . ' . '· : 
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~=ResMKjr K·<892> !;=ResM~<x/r ~<1430> 

Pnc. 1 - 3cpcpeKTHBHOCTh npnMeHeHHH MeTOAa yqeTa pa3peweHIDI AeTeKTopa npn 
onpeAeneHHH wnpHH K*(892)± n K2(1430)± KaK QJJHK4illl ~- ornoweHHH pa3pe

weHIDI no HHBapnaHrnoii Macce K±no K wnpnHe pe3oHaHca [A1]. 

AHanH3 pa.z:~na4HOHHhiX pacna.z:~os Jj'ljJ riposeAeH c noMOII\hiO D-MaTpnqHoro 
cpopMann3Ma (K -MaTpnqHoro cpopManmMa c AHcnepcnoHHhiMH norip'asKaMH) [6], 
npnMeHHMoro, s qacrnoCTH, K onncaHHIO S-sonHhi B nnoH-nnoHimii cncreMe. B 3TOM 
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no~xo~e yti11ThiBaeTOI nepepaccemme Me30HHhiX nap n BLmonHHIOTCH.YCJIOBI1H ~Byx
~aCTH~HOH YHI1TapHOCTI1. 

B TpeTbeH rnaBe on11caH ~eTeKTop BE Sill 11 CBOHCTBa em no~mcreM, a TaiOKe 
KpaTKo - ycKopHTenhHhiH KOMnneKc BEPCII. 

BESIII- coBpeMeHHhiH YHI1BepcanhHhiH47r ~eTeKTop [17], pacnono)KeHHhiH 
Ha nyqKax 3neKTpoH-n0311TpOHHom Konna~epa BEPCII [18]. Konna~ep no3BOAAeT 
craJIKI1BaTb TiytiKH C 3HeprneH ~0 2,45 f3B (Ha TiytiOK), em MaKCI1MaJihHaH CBeTH
MOCTh COCTaBnHeT 1,01 X 1033 CM-2C 1 np11 npHMOM po~eHI111 '!j1(3770). ,lJ;eTeKTOp 
COCT011T 113 TpeKepa, BpeMHnponeTHOH CI1CTeMhl, 3JieKTpOMarHHTHOm Kanop11MeT
pa, CBepxnpOBO~Illem MarHI1Ta 11 MIOOOHifon CI1CTeMhi. TpeKep npe~CTaBnHeT 113 
ce6H MHOmCJIOHHYfO MeJIKOH~e11CTYfO ~peilqJOBYfO KaMepy, 3aTIOJIHeHHYfO ren11eBOH 
ra30BOH cMeChiO 11 pa6oTaiOJGYIO B MarHHTHOM none B 1 Tn. Ee 11MnynhcHoe pa3-
perneHI1e 8plp cocrasnHeT 0,5 % ~nH 3apH)KeHHhiX ~acrnq c 11MnynhcoM B 1 f3B. 
IloMI1MO 3Tom, ~nH 11~eHT11cp11Kaql111 ~acrnq ~peilcpoBaH KaMepa 113MepHeT 110HI1-
3aq110HHhie nmep11 dE I dx. ,lJ;nH 3neKTpOHOB OT ynpymm pacceHHI1H TO~HOCTh 
113MepeHI1H 110HI13aqi10HHhiX TIOTeph COCTBanHeT np11MepHO 6 %. BpeMHnponeTHaH 
c11cTeMa peani130BaHa c noMOillhiO nnaCTI1KOBhiX cqi1HTI1JIJIHTopoB. B qeHTpanhHOH 
~acrn ~eTeKTopa ~Ba CJIOH Cqi1HTJfJIJIHqi10HHhiX ~eTeKTOpOB o6ecne~I1BaiOT BpeMeH
HOe pa3perneHI1e B 68 TIC. B TOpqeBhiX ~aCTHX 11CTIOJih3yeTCH 0~11H CJIOH, 11 em 
pa3perneHI1e COCTaBnHeT 110 TIC. B 2015 m~y Cqi1HTHJIJIHT0phl B TOpqeBhiX ~aCTHX 
6hinl1 3aMeHeHhl Ha TIJIOCKI1e MHOm3a30pHhie KaMephl C pe311CTI1BHhiMI1 3JieKTpO~a
MI1 (MRPC), ~TO ynytii1II1JIO BpeMeHHOe pa3perneHI1e ~0 60 TIC. 3neKTpOMarHI1THhlll 
Kanop11MeTp Co6paH Ha OCHOBe 6240 Kp11CTaJIJIOB Csi{Tl), paCTIOJIO)KeHHhiX CTepeo
CKOTII1~eCKI1 TIO OTHOI1IeHI1IO K TO~Ke B3ai1MO~eHCTBHH ny~KOB. Em 3HeprernqecKOe 
pa3perneHI1e COCTaBnHeT 2,5%1 V E{f3B). MIOOHHaH CJfCTeMa TIOCTpOeHa Ha OCHOBe 
pe311CTHBHhiX TIJIOCKI1X KaMep (RPC). 

qeTBepTaH rnaBa noCBHJGeHa aHani13Y pacn~a JI.,P -+ K+ K-n°, Bhmon

HeHHOMY Ha (223,8 ± 1,4) x 106 pacn~ax J I.,P, Ha6paHHhiX Konna6opaq11eil BE Sill 
B 2009 r. [19]. ,lJ;nH m6opa co6hiTHH6hml1 onpe~eneHhi cne~YIOJGI1e Kp11Tep1111. KaH
~ll,lJ;aThi B KaOHhl BOCCTaHaBJII1BaJII1Ch TIO peKOHCTpy11pOBaHHhiM B ~peHcpOBOH KaMepe 
TpeKaM.TpeKI1 ~OJI)I{Hbl 6hinl1 11CXO~I1Th 113 TOqKI1 B3ai1MO~eHCTBI1H TiytiKOB 11 Haxo
~11TCH B aKcenTaHce ~eTeKTopa, a co6hiTI1e - co~ep)KaTh poBHO ~Ba TaKI1X TpeKa c 
npOTI1BOTIOJIO)I{HhiMI1 3ap~aMI1. ,lJ;nH ll,lJ;eHT11cp11KaqHI1 KaOHOB JfCTIOJih30BaJiaCh Bpe-

. MHnponeTHaH CI1CTeMa 11 110HI13aqi10HHhie TIOTep11 B ~peilcpOBOH KaMepe: Jf3MepeHI1H 
KOM611H11pOBaJII1Ch B p-3HaqeHI1e ~JIH K~Om B03MO)KHOrO THTia qaCTI1qhi, 11 Tpe6o
BaJIOCh ~o6hi KaOHHaH rnnme3a 6hma Ha116onee BepoHTHOH. HeilTpanhHhie TII10Hhi 
BOCCTaHaBni1Bani1Ch no pacn~ Ha ~Ba cpoToHa. ciJoTOHhi peKoHcrpyupoBani1Ch no 
JII1BHHM B 3JieKTpOMarHI1THOM KaJIOp11MeTpe, He accoq1111p0BaHHhiM C 3apH)KeHHhi
MJf TpeKaMI1. 3HeprHH ni1BHH ~OJI)I{Ha 6hma npeBhirnaTh cTall,lJ;aprnhiH nopor, em 
qeHTp - Haxo~llThCH B aKcernaHce. PaccMaTp11Bani1Ch Bee naphi cpoTOHOB, y~osne
TBOpHIOJGI1e MHrKOMy Kp11Tep11IO Ha 11X 11HBap11aHTHYfO Macey. ,lJ;AA K~Olll13 HI1X 11 
naphi KaH~ll,lJ;aTOB B KaOHhl Bhi~I1CJIHJICH x2 COrnaCI1H JfX TIOJIHOm ~eThipeXI1MTIYJih
Ca c qe'ibipexHMTIYJihCOM J I 'ljl. ,LJ;anee paCCMaTp11BanaCh napa c M11HI1MaJihHhiM x2 ' 
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eCJI11 3TO Beni1~11Ha He npeBocxo~una nopomBoe 3HaqeHI1e. TaiOKe ~AA no~aBne
HI1H BKJI~OB cpOHOBhiX paCTI~OB x2 CpaBHI1BaJICH C aHanOrl1qHhiMI1 BeJII1q11HaMH, 
BhJql1cneHHhiMI1 ~H cpoHOBhiX npoqeccoB. HaKoHeq Ha noCJie~HeM 3Tane Tpe6oBa
noch, ~06hi 11HBapnaHTHaH Macca OT06paHHOH naphl cpOTOHOB non~ana B Y3KOe OKHO 
BOKpyr HOMI1HanhHOH MaCChi n°. J1TOm 6hinO OT06paHO 182972 C06hiTHH. BKn~ 
cpoHOBhiX pacn~OB oqeHI1BaJICH c TIOMOJGhlO 11HKJII0311BHOm Ha6opa MK-co6hiTHH 
11 COCTaBI1JI np11MepHO 0,3%. Hepe30HaHCHOe po~eHI1e paCCMaTp11BaeMom KOHeq
HOrO COCTOHHHH 11CCJie~OBaJIOCh TIOMOJGhlO Ha6opa ~aHHhiX, Ha6paHHhiX TIO~ TII1KOM 
JI.,P np11 Vi = 3,080 f3B. BKn~ npoqecca e+e- -+ "t* -+ K+ K-no cocraBI1n 
866 ± 499 C06b!THH B npe~TIOJIO)KeHI111 OTCYTCTBI1H 11HTepcpepeHql111. . 

AnnpOKCI1Maqi1H ~aHHhiX B napq11aJihHO-BOJIHOBOM aHaJII13e BhlllOJIHeHa C 
noMOJGhiO MeTo~a Hai160nhrnem npaB~onot~o6HH. B KaqecTBe Kp11Tep11eB ~nH BKniO
qeHHH pe3oHaHCOB B annpoKCI1Maqi1IO 11Cnonh30Banl1ch 113MeHeHI1e norap11cpMa 
cpyHRql111 npaB~ono~o611H (TeopeMa B11nKa no3BOnHeT CBH3aTh 3TO 113MeHeHI1e co 
CTaTHCTI1qecKOH 3Haqi1MOCThlO pe30HaHca) 11 KaqeCTBeHHOe 113MeHeHI1e OTII1CaHHH 
~aHHhiX. Pacn~ oni1ChiBancH c noMOJGhiO mo6paHoil Mo~en11. ,LJ;aHHhiH no~xo~ 
11MeeT CYJGeCTBeHHhie He~OCTaTKH, O~HaKO 06hJqHO HBJIHeTCH np11eMneMhiM ~JIH 

onpe~eneHI1H ocHOBHhiX CI1HrynHpHOCTeil aMnn11ry~hi paccMaTpimaeMom npoqecca. 
,lJ;nH npeqi13110HHom 113MepeHI1H napaMeTpOB K*(892)± 11 K2(1430)11cnonh30BancH 
on11caHHhiH Bhirne MeTo~ yqeTa pa3perneHHH ~eTeKTopa. 

0Ka3anoch, qTo y~osneTBOp11TenhHoe on11caH11e ~aHHhiX Henh3H 6hmo nony
qi1Th, 11CTI0Jih3YH TOJihKO 113BeCTHhie pe30HaHChl, np11 3TOM «He~OCTaiOJGaH» qaCTh 
aMnn11ry~hi pacn~a npoHBJIHna ce6H KaK Me~neHHO MeHHIOJGI1HCH cpoH. Ilo3TOMY 
6hiJIO TIOCTpOeHO ~Be annpOKCI1M3q1111: B nepBOH 11CTIOJih30BaJII1Ch TOJihKO ll3BeCT
Hhie pe30HaHChi, a BO. BTOpOH TaJOKe 6hin annpOKCI1M11pOBaH BKJI~ «cpOHa». ,lJ;AA 
nepBoil annpoKCI1Maql111 6hmo HeB03MO)KHO caMocornacoBaHHO onpe~eni1Th CI1CTe
MarnqeCKI1e OI1II16KH, CBH3aHHhie C TIOCTpoemieM annpOKCI1Maql111, TI03TOMY BTOpaH 
annpOKCI1MaqHH 6hma Bhi6paHa OCHOBHOH. ,lJ;eTaJII1 BTOpOH annpOKCI1Maql111 npHBe
~eHhl B Ta6n11qe 1, ,LJ;an11q-~11arpaMMhi ~nH ~aHHhiX 11 11x on11caH11H noKa3aHhi Ha 
p11cyuKax 2. B o6eux annpoKCI1Maqi1HX Ha6niO~anCH Ha6op 113 inecrn H~e)KHO ll,ll;eH
rncp11q11poBaHHhiX BKn~oB: ~eThipex B CI1CTeMe K±no 11 ~Byx B mcTeMe. K+ K-. 
Me~neHHO MeHHIOJGI1HCH cpoHOBhiH BKn~ 6hm napaM~TpmoBaH c.nOMOJGhiO oqeHh 
rn11poKoro JP = 3- pe3oHaHca B cncTeMe K±no c Maccoil 6nmKoil K MaKCI1Manh
HOH ~nH K±no CI1CTeMhi. TaKoil BKn~ He HBAAeTcH HeO)KH~almhiM, ecn11 np11HHTh BO 
BHI1MaHI1e pe3ynhTaThi Konna6opaQI111 LASS no K 1r pacceHHI1IO [20]. ITonyqeHHM B 
npoq11rnpoBaHHOH pa6me aMnn11zy~a F -BOJIHhi co~ep)KHT, TIOMI1MO K3 ( 1780), 3Ha
qi1TenhHYIO TIO~JIO~, KOTOpaH MO)KeT 6h1Tb Bhi3BaHa KaK HaJill'II1eM pe30HaHCOB, TaK 
n Hepe30HaHCHhiM BKn~OM. ,lJ;nH oqeHKH c11creMaT11qecKHX orn116oK yti11ThiBani1Ch 
Heonpe~eneHHOCTh, CBH3aHHaH c nocrpoeHI1eM annpoKCI1Maql111 B ITBA, n B03MO)K
Hhie 3cpcpeKTbi, Bhi3BaHHhie HeToqHOCThlO MO~en11pOBaHI1H OTKJII1Ka ~eTeKTOpa. 

H~e)KHO ycraHoBneHHhie B c11creMe K±no pe3oHaHChi- 3TO K*(892)±, 
K2(1430)±, K2(1980)± 11 K4(2045). ITapaMeTphi nepBhiX ~Byx pe3oHaHcosmMe
peHhl C Ha11Jiytii1IeH Ha MOMeHT HaTII1CaHHH pa60Tbl ~oqHOCThlO. CpaBHefme MaCChi 11 
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PIIc. 2- ,lJ;IIarpaMMhi p;anm~a AJI.H a) Ha6paHHhix AaHHhiX II 6) IIX oniicaHII.H AJI.H an
npoKCIIMa4IIII II [A2]. 

umpiiHhi K*(892)± co cpeAHIIMII Ta6JIII4 PDG npiiBeAeHhi B Ta6JIII4e 2: IIJMepeH
Ha.H Macca HaxOA.HTC.H npiiMepHo nocepeAIIHe Me)!(,ll;y JHatJeHII.HMII, npiiBOAIIMhiMII AJI.H 
aAPOHHhiX npo4eccoB II AJI.H T-pacnaAOB. l13MepeHII.H umpiiHhi cornacymTc.H c aHa
JIIIJaMII T-paCllaAOB. 

CocTo.HHll.H K2 ( 1980) ± II Ki ( 2045) ± BnepBhie Ha6JIJOAaJIIICh B pacnaAax J / '1/J. 
IIapaMeTphi K2(1980)± onpeAeJieHhi c 6oJihiiiiiMII ciicTeMaTIItJeCKIIM OIIIII6KaMII. 
QeHTpaJihHoe 3HatJeHIIe AJI.H ero MaCChi npiiMepHo Ha 100 M3B HII)J(e cpeAHero PDG 
(B3.HTOro Ha MOMeHT ny6JIIIKa4IIII aHaJIII3a), OAHaKO II Macca, H IIIIIpiiHa COCTO.HHH.H 
cornacyJOTC.H co JHatJeHII.HMII, npiiBeAeHHhiMII B Ta6JIII4ax PDG, B npeAenax 2,2 CTaH
AaprHhix OTKJIOHeHHH. C ApyroH: cTOpOHhi, nOTeH4HaJihHhie MOAeJIII npeACKa3hiBaJOT 
HaJIIItJIIe ABYX cocTO.HHIIH B 3TOH o6nacTII [21-23]: 23 P2 II 13 F2 • TaK)J(e IIHTepeCHo 
OTMernTh, 'ITO 4eHTpaJihHOe JHatJeHIIe mMepeHHOH MaCChi K2(1980)± HaxOAIITC.H B 
xopoiiieM cornacnii c o~aHH.HMII AJI.H pe~enOA06Hoif TpaeKTopiiH: B nnocKocrn 
(n, M 2 ). HecMOTp.H Ha He6onhiiiOH OTHOCIITeJihHhiH BKJiaA, pe3oHaHc K4(2045)± 
6hiJI HaAe)J(HO IIAeHTllQJII4HPOBaH 6naroAap.H OtJeHh Clle4IIQJII'IeCKOMY BKllaAY ero 
nap4IIaJihHOH BOJIHhl. 

IIepBoe ycTaHOBJieHHOe cocTO.HHIIe B KIIHeMaTntJeCKOM KaHane K+ K- IIMeeT 
Macey OKOJIO 1,65 f3B, II ero BKJiaA B pacnaA COCTaBJI.HeT 1,0-1,5 %. 0TCYTCTBIIe 
JaMernoro BKJiaAa OT nepBoro PaAIIaJihHoro Bo36Y)!(,ll;eHll.H p(770), p(1450), CBIIAe
TeJihCTByeT B ll0Jih3Y ero IIHTepnpeTa4IIII KaK 3 D 1 p-COCTO.HHII.H, a He 33 S 1 pe30HaHCa. 
B TO )J(e BpeM.H MaJia.H OTHOCHTeJihHa.H nap4IIaJihHa.H IIIIIpiiHa paCnaAa qepe3 3TO COCTO
.HHIIe cornacyeTC.H c O)J(HAaHll.HMII AJI.H 3JieKTpoMarHHTHOro pacnaAa t~epe3 w(1650): 
J /'1/J --7 1* --7 w(1650)7r0, w(1650) --7 K+ K-. Ilpii 3TOM Macca COCTO.HHll.H corna
cyeTC.H c 04eHKOH PDG AJI.H w(1650) [19], a IIIIIpiiHa HaXOAIITC.H B npeAeJiax pa36poca 
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Ta6JIII4a 1-CniiCOK BKJiaAOB B annpoKCIIMa4IIH II. ,lJ;JI.H Ka)!(,ll;oro pe3oHaHca npiiBe
AeHhi Macca, IIIIIpiiHa H OTHOCHTeJihHhiH BKJiaA B pacnaA. B KIIHeMarntJeCKHX KaHaJiax 
K±1ro b o6o3HatJaeT BKJiaA o6oiix npornBonoJIO)J(HO 3ap.II)J(eHHhiX peJoHaHCOB, a 
b+(-) - BKJiaA OAHOH: Jap.II)J(eHHOH MOAhi pacnaAa, 'ITO noJBOJI.HeT 04eHHTb IIx IIH
TepcpepeH4IIJO. IJapaMeTphi OTMetJeHHhie * QJHKCIIpOBaHhl. 

lumeMaTHIJecKne KaHii.IILI K±"Jro 

JPC PDG M(MeV/c2
) r(MeV/c2

) b(%) b+H(%) 

1- K*(892)± 893,6±0,1:t:g·,; 46,7±0,2:t:g:~ 93,4±0,4:+:~:~ 42,5±0,1:+:~:~ 

1- K*(1410)± 1380* 176* 0,26±0,04 0,11±0,02 

1- K*(1680)± 1677* . 205* 0,20±0,03 0,08±0,01 

2+ K;(1430)± 1432,7±0,7:+:;:; 102,5± 1,6:+:~:~ 9,4±0,1:t:g:~ 4,2±0,1:t:g:~ 

2+ K;(1980)± 1868±8:+:!~ 272±24:+:~~ 0,38±0,04:t:g·.~; o,15±0,o2:+:g·,g~ 

3- Ki(1780)± 1781* 203* 0,16±0,02 0,07±0,01 

4+ K~(2045)± 2090±9:+:g 201±19:+:~; 0,21 ±0,02:t:g:6~ 0,09±0,01:t:g:g~ 

3- ljJOHOBblll BKJI<l,ll - - ~ 1,5% ~0,6% 

KnneMaTnqecKnii Kanan"K+ K-

JPC PDG M(MeV/c2
) r(MeV/c2 ). b(%) 

1-- 1651±3~~6 194±8:+:~5 1,83±o,n:+:g:i~ 
1-- 2039±8:1:~~ 193±23:+:;~ 0,23±0,04:t:g:g~ 

Ta6JIII4a 2 - PeJyJihTaTbi annpoKCIIMa4IIII II AJI.H MaCChi II IIIIIpHHhi K*(892)± B 
cpaBHeHIIII co cpeAHIIMII PDG [19] aAPOHHhiX peaK4IIH II T-pacnaAOB. 

T-pacnaAhi 
aAPOH-aAPOHHhie CTOJIKHOBeHII.H 
Jj'ljJ --7 K+ K-1ro (annp. II) 

p M (M3B) r (M3B) 
895,47 ±·0,20 ± 0,74 46,2 ± 0,6 ± 1,2 

891,66 ± 0,26 50,8 ± 0,9 

893 6 ± 0 1+0'2 46 7 ± 0 2+0,l 
' ' -0,3 ' ' -0,2 

3KCnepiiMeHTaJihHhiX pe3yJihTaTOB. KpoMe TOrD, Ha6JIJOAaeMhiH CIIrHaJI MO)J(eT 6h1Tb 
pe3yJihTaTOM IIHTepcpepeH4IIII ynoM.HHJTbiX pe30HaHCOB. BTOpoe CTa6IIJihHOe COCTO
.HHIIe IIMeeT Macey OKOJIO 2,05-2,10 feB/c2 , Hero OTHOCHTeJihHhiH BKJiaA COCTaBJI.HeT 
0,1-0,2 %. Yt~HThiBa.H 6oJihiiiYJO HeonpeAeJieHHOCTb onpeAeJieHII.H ero napaMeTpoB, 
COCTO.HHIIe MO)J(eT 6h1Tb IIHTeimpernpoBaHO KaK p(2150) JIII60 Apyroe H30BeKTOpHO
BeKTOpHOe cocTO.HHIIe, Ha6moAaBIIIeeC.H B npoTOH-aHrnnpoTOHHOH aHHIIrllli.H4HII B 
noneTe [24]. Ba)J(HO oTMernTh, 'ITO B npo4ecce aHaJIIIJa He 6hiJIO nonyqeHo HHKaKIIx 
CBHAeTeJihCTB B noJih3Y CYJ4eCTBoBaHII.H 3K30TlltJeCKoro X(1575). BKJiaA p(1450) Ha 
ypoBHe npiiMepHo 1% He npornBopetiiiT AaHHhiM. 
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11cnoJih3Y.H noJI}"'eHHYJO annpoKCHMaqmo npH MOAeJIHposamrn CHrHaJihHhiX 
co6hrmii ,!VI.H onpeAeJieHHH 3lfllfleKTiiBHOcrn OT6opa, 6biJI noJI}"'eH B(JI'l/J -t 
K+ K-n°) = (2,88 ± 0,01 ± 0,12) X w-3 • ,[l,OMHHHPYJOil\a.H oum6Ka-' CHCTe
MamqecKa.H, oHa oqemmanach KaK KB~pamqHa.H cyMMa BKJI~OB oT 

- HeonpeAeJieHHocrn BKJI~a lfloHOBhiX pacn~os J 1'1/J, 
- HeonpeAeJieHHOCfll }"leTa Hepe30HaHcHoro lfloHa, 
- TOqHQCTll MOAeJIIIpOBaHH.H peKOHCTpyKqllll KaOHHhiX TpeKOB, 
- TOqHocrn MOAeJIHposaHH.H HAeHTHlf!HKaqHH KaoHoB, 
- TOqHOCfll MOAeJIHpOBaHH.H peKOHCTpjKQHH lf!OTOHOB, 
- 3lfllfleKTa OT paCXO>KAeHH.II B BhNHCJieHHll x2 AJI.H AaHHhiX ll MK-

MOAeJIHpOBaHHH, 
- HeonpeAeJieHHocrn KOJIHqecTsa po>KAeHHhiX J 1'1/J. 

ilOJI}"'eHHOe 3HaqeHHe .HBJI.HeTC.II CaMhiM TOqHhiM ll OTJIHqaeTC.II OT Henp.HMOH oqeHKH 
PDG (Ha MOMeHT ny6JIHKal\HH aHaJIH3a) npHMepHo Ha 2,8 CTaHAapTHhiX OTKJIOHe
HH.H. Ha OCHOBe 3TOrD 3HaqeHH.H, a TaiOKe OTHOCHTeJihHbiX BKJI~OB pe30HaHCOB fihillll 
HaiiAeHhi napqHaJihHhie umpHHhi pacn~a Jl'l/J B K+ K-7!o qepe3 npoMe)!()'ToqHhie 
cocTo.HHH.H. 3TH napqHaJihHhie umpHHhi, 3a HCKJIIOqemfeM pe3yJihTaTOB AJI.H pacn~a 
qepe3 K* (892)±, ony6JIHKOBaHhi snepshie. 

Pe3yJihTaThi aHaJIH3a ony6nHKOBaHhi B pa60Te [A2]. 

IIHTaH rnana nocB.Hil\eHa cosMecrnoMy aHaJIH3Y p~HaqHOHHhiX pacn~os 
Jl'l/J Ha n°n°, KsKs, 1717 H w¢, AaHHhiX no nHoH-mfOHHOMY nepepacce.HHHIO B nn, 
KK, 1)1) II 1)1)1 H AaHHhiMH pp aHHHrHJI.Hl\HH B n°n°n°, n°n°1J, n°1)1), n+n-n°, H 
KK n.l1HTeHcm3HoCTh S-BOJIHhi B p~HaqHOHHhiX pacn~ax Jl'l/J Ha n°n° H KsKs 
6hma B3.HTa H3 npHJIO:>KeHHii K ny6JIHKaqH.HM Konna6opaqHH BESIII [4; 5], a S
BOJIHOBhie llHTeHCHBHOCTll pacn~OB Ha 1)1) ll wc/J fihillll oqeHeHbl ll3 rHCTOrpaMM, 
ony6nHKOBaHHhiX s pa6max [25; 26]. OcTaJihHhie Ha6opbi AaHHhiX cooTBeTCTBYIOT 

llCllOJib30BaHHhiM B pa60Te [6]. 
B annpOKCHMaqHH MllHHMH3HpyeTC.II CYMMapHbiH (B3BeiiieHHhiii) x2 paCCMaT

pHBaeMhiX AaHHhiX. ,[l,n.H S-BOJIHhi npH onHCaHHH AaHHhiX HCllOJih3yeTC.H N I D-MeTOA. 
I1pH3TOM Ba:>KHO OTMeTHTh, qTo AaHHhie no n+n- -t n+n- OTCYTCTBYIOT npH3Hep
rH.HX Bbiiiie npHMepHO 1,85 f3B, qTQ He n03BOJI.HeT BbJAeJIHTb ll30CKaJI.HpHYJO qaCTh 
aMnJIHTYAhi nn -t nn pacce.HHH.H. HeAocraToK AaHHhiX He no3BOJI.HeT B N I D noAXO
Ae onpeAeJIHTh H3 annpoKCHMaqHH napaMeTphi cocro.HHHii c Maccoii 6onee 1,9 f3B, 
no3TOMY TaKHe cocTO.HHH.H BBOAHJIHCh c noMOil\hiO lflopMyJihi EpeiiTa-BHrHepa. B Ko
HeqHyiO annpOKCHMaQHIO fihillO BKJIIOqeHO 10 nOJIIOCOB, llX napaMeTpbl npHBeAeHhl 
B Ta6JIHqe 3. OnHCaHHe S-BOJIHbl B pacn~ax Jl'l/J npHBeAeHO Ha pHCYHKe 3, x2 

onHcaHH.H APyrHx Ha6opos AaHHhiX npaKTifqecKH He oTJIHqaeTC.H oT noJI}"'eHHhiX B 
pa6me [6]. CKOJihKO-HHfiYAh pa3YMHOe onHcaHHe AaHHhiX He MO:>KeT 6hiTh nOJI}"'e
Ho 6e3 xopowo H3BeCTHhiX f 0 (500), f 0 (980), f 0 (1370), !0 (1500), noniOca B o6nacm 
Mace 1700- 1800 M3B ll j 0 (2100). 3aMeHa fo(1710) ll j 0 (1770) Ha OAHO COCTO
.IIHHe npHBOAHT K yBeJIHqeHHIO x2 onHcaHH.II S-BOJIHbl CHCTeM n°n°, KsKs ll1)1) B 
pacn~ax Jl'l/J Ha 58, 8 ll 50 COOTBeTCTBeHHO. Ha HeofiXOAHMOCTb CYil\eCTBOBaHH.H 
~Toporo cocro.HHH.H B o6nacrn 1700-1800 M3B AaBHO YKa3hiBanocb B pa6me [11]. 
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Ta6JIHQa 3- Macchi II IIIHpHHhi !f30CKaJIHpHhiX CKaJI.HpHhiX_Me30HOB, BKJIIOqeHHhiX B 
annpOKCHMaqHIO paccMaTpHBaeMhiX AaHHhiX. ITOA MaccaMH H IIIHpHHaMH B KB~paT-
Hhix CK06Kax npHBeAeHhi cpeAHHe (HJIH oqeHKH) PDG [9]. 

PeJoHaHc fo(500) Jo(1370) fo(1710) fo(2020) fo(2200) 

M 410±20 1370±40 1700±18 1925±25 2200±25 

[400-550] [1200-1500] [1704±12] [1992±16) [2187±14] 

r 480±30 390±40 255±25 320±35 150±30 

[400-700] [100-500] [123±18] [442±60]' [~200] 

PeJoHaHc fo(980) fo(1500) fo(1770) fo(2100) · fo(2330) 

-M 1014±8 1483±15 1765±15 2075±20 2340±20 

[990±20] [1506±6] [2086:!:~~] ["-'2330] 

r 71±10 116±12 180±20 260±25 165±25 

[10-100] [112±9] [284:!:~g) [250±20] 

CocTO.HHH.H fo(2020), fo(2200) H fo(2330) YJI}"'IIIaiOT onHcaHHe AaHHhiX B o6nacm 
6oJihiiiHX Mace. 

11HTeplflepeHQHOHHhie KapTHHbl B pacn~ax Jl'l/J -t J''lr?n° li Jl'l/J -t f'KsKs 
CYil\eCTBeHHO pa3JIHqaiOTC.II. Ba:>KH,biM Ha6JIIOAeHHeM .IIBJI.HeTC.II TO, qTo lfla3a Me>KAY 
COCTO.HHH.IIMH fo(1370) ll j 0 (1500) MeH.HeTC.H npHMepHO Ha 180 rp~ycoB: nOJIO)I(lf
TeJibHa.H llHTeplflepeHQll.H B nepBOM pacn~e CMeHHeTC.H OTpHQaTeJibHOH BO BTOpOM. 
TaKoe noBeAeHHe YKa3hiBaeT Iia MaJihiii yron CMeiiiHBaHH.H: lflneiiBOpHhie BOJIHOBhie 
lflYHKQllll COCTO.HHHH 6JIH3Kll K CHHrJieTHOH, )J ( ~u+ dd+ ss), ll OKTeTHOH, )6 ( uu+ 
dd- 2ss) (aHanomqHo CMeiiiHBaHHIO nceBAOCKaJI.HpHhiX Me3oHoB). Ha mMeHeHHe 
3HaKanpHHHTeplflepeHQHH fo(1370) H f 0 (1500) npH pacn~ax Ha nn H K K BnepBbie 
yKa3hiBanocb B pa6oTe [27]. AHanomqHhiM o6pa3oM MO:>KHO o6bHCHHTh HHTeplflepeH
QHOHHhie KapmHhi B o6nacmHHBapilaHTHhiX Mace 1700- 1800 M3B: pa3JIHqlf.H B 
HHTeHCHBHOCT.HX pacn~oB Ha nn ·H K K cneAJeT H3 AeCTPYKTHBHoii H nono:>KHTeJih
Hoii llHTeplflepeHQHH fo(1710) ll j 0 (1770), llllX cpneii~OpHhie BOJIHOBbie lf!YHKI.\llll 
TaiOKe AOJI:>KHhi 6h1Tb 6nmKHMH K CHHrnery H oKTery. ,[l,n.H AaJibHeiiwero aHanma Ae
naeTc.H npeAnOJIO:>KeHHe 0 TOM: ~0 COCTO.HHH.II B BepxHeii qacm TafiJIHQbl 3 HMeiOT 
npeHMYil\eCTBeHHO CHHrJieTHYJO BOJIHOBYJO lflYHKI.\lllO (B03MO:>KHO, 3a llCKJIIOqeHHeM 
j 0 (500)), a COCTO.IIHH.II B HH:>KHeH qacm TafiJIHQbl- npeHMYil\eCTBeHHO OKTeTHYJO. 
B nOJih3Y TaKOH HHTepnpeTaQHll cneKTpa KOCBeHHO CBlfAeTeJihCTByeT pa3HOCTh MaCe, 
COOTHOIIIeHHe IIIHpHH (KpOMe nOCJieAHeH napbl) ll peA:>KenOAOfiHhie TpaeKTOpHH. ,[l,Ji.H 
nocrpoeHH.H nocJieAHHX 3a 6a3HCHoe cocro.HHHe 6hm Bhi6paH ! 0 (1500) H B Kaqecrse 
CTaffAaprnoro HaKJIOHa HCnOJih30BaJIOCh p 2 = 1,08 f3B2 • JlHHeHHa.H TpaeKTOpll.II 
HMeJia BlfA M 2 = M}

0
( 1500) + np2 , rAe n = -1,0, 1, ... B HHCTaHTOHHhiX Bhi

qlfCJieHHHX pa3HHQa KB~paTOB Mace CllHrJieTHhiX ll OKTeTHbiX CKaJI.HpHbiX COCTOHHHH 
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cosna,L\aeT no a6comornoii seniiqiiHe 3Toii )l{e seniiqiiHOii Ami nces,l(ocKamipos, o,q

HaKO IIMeeT llpOTIIBOllOJJO)I{Hhill 3HaK. J1CXO,!VI II3 3TOfO BTOpilll TpaeKTOpmi MO)I{eT 

6h1Th npeACKa3aHa KaK M~ = M}o{lsoo) + m; - m~, + nJL2
• 06e TpaeKTopiiii 

II HaiiAeHHhie s annpoKCIIMaqiiii pe3oHaHChi noKa3aHhi Ha piiCYJIKe 4. Cornaciie c 

npeAcKa3aHmiMII He n,qeanhHOe, HO sechMa sneqaTmno~ee Ami npeACKa3aHmi 6e3 

cso6oAHhiX napaMeTpos. S-sonHa pacna,L\a J /'1/J ~ 1w¢> npaKTHqecKH nonHOCThJO 

OlliiChJBaeTCH COCTOHHIIeM j 0 (1770), ~0 IIHTepnpeTIIpyeTCH KaK Haniiqiie y Me30HOB 

qeTbipeXKBapKOBOll KOMllOHeHTbi. 

Ha p1ICYHKe 5 npiiBeAeHa napqiiaJJhllilll umpiiHa po}i{,l\eHmi CKamipHhiX pe-

30HaHCOB B Paf\IIaqiiOHHhiX pacna,L\ax J /'1/J KaK QJYJIKqiiH MaCChi pe3oHaHca Mres 
OTAeJJhHO ,l\nH npeiiM~eCTBeHHO CIIHrneTHhiX II npeiiM~eCTBeHHO OKTeTHhiX CO

CTOHHIIll. ,[l,nH K~Oro COCTOHHIIH OHa nonyqeHa KaK CYMMa napqiiaJJhHhiX UIIIpiiH 

Jj'lj; ~ lfo, fo ~1m, KK, rJrJ, rJrJ1
, w¢> II oqeHKH napqiiaJJhHOH umpiiHhi c pacna

AOM fo ~ 47r. B D-MaTpiiqHoii aMnJJIITYAe qeThipexniiOHHhie pacna.z\hi BhlllOJJHHnii 

ponh "qepHoro H~IIKa" - aKKyMyniiposanii BKna.z\ HeyqTeHHhiX pacnaf\OB Me30HOB. 

,lJ,mi COCTOHHIIll j 0 (2020), j 0 (2100) II fo(2200), BBeAeH~hiX C llOMO~hJO QJOPMYJJhi 

EpeiiTa-BIIrHepa, BKna.z\ qeThipeXlliiOHHhiX paClla.z\OB oqeHIIBaJJCH Ha OCHOBe pe3yJJh

TaTOB [28; 29] AJJH f 0 (2100). IlapqiiaJJhHilll umpiiHa 6hma pacnpeAeneHa Ha TPII 

paBHhie qaCTII. IlpeiiM~eCTBeHHO OKTeTHhie COCTOHHmi po}i{,l\aJOTCH B onpeAeJJeH

HOM A1Iana3oHe Mace, CIIHrneTHhie- so seeM A1Iana3oHe, II B o6o1Ix pacnpeAeneHIIHX 

BIIAeH HBHhill lliiK npii Mres rv 1900 M3B. ManosepOHTHO, qTQ HaJJIIqiie lliiKa MO)I{HO 

06bHCHIITh KIIHeMaTIIqeCKIIMII 3cpcpeKTaMII. B pa60Te (30] BhiqiiCJJeH CneKTp IIHBa

p1IaHTHOll MaCChi ABYX rnJOoHoB B Pa.z\IIaqiiOHHhiX pacnaAOB J /'1/J. ,lJ,nH-CKamipHhiX 

Me30HOB OH IIMeeT lliiK OKOJJO 2100 M3B, OAHaKO 3TOT cneKTp nnaBHO y6hJBaeT B o6e 

CTOpOHhi II He IIMeeT APyriiX oco6eHHOCTell. B pa60Te (31] BhiqiiCJJeH KBa.z\paT MO

AYJJH aMnJJIITYAhl po}i{,l\eHIIH cKanHpHhiX Me30HOB B Pa.z\IIaqiiOHHhiX pacna,L\ax J /'1/J, 
niiK TaK)I{e OTCYTCTByeT. 

IlpeAJJaraeTCH IIHTepnpeTIIpOBaTh lliiK npii pO}i{,l\eHIIII CKanHpHhiX pe30HaHCOB 

B o6naCTII Mres rv 1900 M3B KaK rnJ06on. B 3TOM cnyqae OKTeTHhie COCTOHHIIH 

MOfYT pO)i{,l\aTbCH II3-3a CMeUJIIBaHmi C rnJ060JJOM (HanpHMYJO pO}i{,l\eHIIe OKTeTHOfO 

COCTOHHIIH II3 rnJOOHOB HeB03MO)I{H0). Me30Hhi, IIHTepnpeTIIpOBaHHhie KaK CIIHrneT

Hhie COCTOHHIIH, pO)i{,l\aJOTCH BO BCeM AOCTYllHOM IIHTepBaJJe MaCC. 3TO HBJJHeTCH 

AOnonHIITeJJhHhiM aprYMeHTOM B noJJh3Y npeAJJO)I{eHHoii IIHTepnpeTaqiiii £t>neiisop

Hoii CTPYKTYPhi cneKTpa cKanHpHhiX Me30HOB. 

CneKTp napqiiaJJhHhiX umpHH pacna,L\a qepe3 pe3oHaHChi annpoKCIIMHposaJJCH 

c noMo~hJO QJOPMYJJhi EpeiiTa-BHrHepa. B cnyqae oKTeTHhiX cocroHHIIii npeAnona

raeTCH OTCJTCTBHe «QJOHa», Ami CHHrneTHhiX pe3oHaHCOB npHMoe po}i{,l\eHHe 6hmo 

OllHCaHO KaK C · exp( -a.M'.;es)· ,lJ,JJH HaHnyqrneii oqeHKII MaCChi H lliHpHHhi rnJ060-

JJa 6hmo nonyqeHo 

Me = 1865 ± 25~~8 M3B, 

f c = 370 ± 50~~g M3B. 
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PHc. 3 -11HTeHCHBHOCTH S-BOJJifhi ~syx Me30HOB B Paf\HaqHOHHhiX pacna,L\axJj'lj; 

KaK QJYHKqHII IIX HHBapiiaHTHOll MaCChi (A3]. fHcrorpaMMhi a) H b) COOTBeTCTBYJOT 

CTaTHCTIIKe B 1,3 MHJJJJIIapAa paClla.z\OBJ j'lj;, riiCTOrpaMMhi c) H d)- CTaTIICTIIKe B 225 
MHJJJJHOHOB pacna.z\OB J /'1/J. BepTMKanhHhie nonochi o6mHa'<IaJOT MaCChi pe3oHaHcoB, 

nonyqeHHhie B annpoKCHMaqiiii. 

3TH pe3yJJhTaThi cna6o 3aBHCHT oT Toro, KaKHe perneHmi · 3af\aqii napqiianhHO

sonHosoro aHaJJII3a Bhi6paHhi ,qnH IIHTeHCIIBHOCTeii Pa.z\IIaqiiOHHhiX pacna,L\OB J / '1/J Ha 

1r
0

1r
0 

II KsKs.M3 pa36poca pe3yJJhTaToB npii nepepacnpeAeJJeHIIII IIHTeHCIIBHocreii 

qeTbipeXlliiOHHOll MOAhi paCOa.z\a Me)i{,l\y COCTOHHmiMII, BBeAeHHhiMII C llOMO~hJO 

QJOPMYJJhi EpeiiTa-BIImepa, II II3MeHeHHII napaMeTpmaqiiH QJOHa Ami npeHM~e
CTBeHHO CHHrneTHhiX COCTOHHIIll oqeHIIBaJJaCh BTOpilll qacTb Olliii6KII. IlapqHaJJhHilll 
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umpHHa po)({,l\emrn: rmo6ona OQeHHBanach KaK cyMMa napQHanhHhiX ·umpHH pacna
,1\a tJepe3 npeHMYIQeCTBeHHO OI<TeTHhie COCTOHHilll l1 KaK CYMMa npeBhillleHHH Ha,l\ 
QJOHOM ,1\nH npeHMYIQeCTBeHHO CHHrneTHbiX: 

BJN-+rc = (5,8 ± 1,o) x w-3
• 

CoCTOHHilll HMeiOIQHe HaH60nhlliYffi rni060nhHYffi KOMllOHeHry - 3TO fo(1770) 
H j 0 (2020). CocroHHHe j 0 (1770), KOTopoe paHee HHTepnpentpoBanocb KaK B oc
HOBHOM OKTeTHOe, nepecraeT 6biTb TaKOBhiM: K OKTery OTHOCHTCH TOnbKO KBapK
aHTIIKBapKOBaH H tJeThipeXKBapKOBaH KOMnoHeHThi. Pe3IOMHpyH, B aHanme He 6hmH 
o6HappKeHhi npHMhie paClla,l\hi rni06ona, HanpHMep G --+ 7r7f. rni06onhHOe COCTOH
HHe npOHBnHeTOI TOnhKO tiepe3 CMelliHBaHHe CO CKanHpHbiMH Me30HaMH. Pe3ynhTaTbi 
aHanma ony6nHKOBaHhi B pa60Te [A3]. 

N~6 
> e_s 
:.4 

3 

2 

1 

0 
-2 ·1 0 1 2 3 4 

n 

~ 250 
~ 
.!! 200 
E ... g 150 
.., 
~ 100 .., 

50 

Qt-........... , ........... . 
0 500 1000 1500 2000 2500 3001 

M,.5 (MeV) 

PHc. 4 - Pe,LVKenoAo6Hhie nHHeii
Hhie TpaeKToprm B nnocKOCTH (n, M 2 ) 

,1\nH COCTOHHHH C ,1\0MHHHpYffiiQeH CHH
rneTHOH (TpeyronhHHKII) l1 OKTeTHOH 
(KBa,l\paTbi) KOMllOHeHTaMH lflneHBOp-

PHc. 5 - TiapQHanhHaH lliHpHHa 
po)({,l\eHilll H30CKanHpHhiX tKanHpHhiX 
Me30HOB ,1\AA npeHMYIQeCTBeHHO CHH
rneTHbiX (Kpym) l1 npeHMyiQeCTBeHHO 
OKTeTHhiX (KBa,l\paThi) COCTOHHHH [A3]. 

HOH BonHOBOH QJYHKQHH [A3]. 

B JaKJJroqennn npHBe,l\eHhi ocHOBHhie pe3ynhTaThi pa60Thi, KOTOpbie JaKniO
tJaiOTCH B cne,l\yiDIQeM: 

1. C noMOIQhiO napQHanhHO-BOnHoBora aHanH3a ,1\aHHhiX onpe,l\eneHa crpyK
rypa pacna,l\a Jl'l/J--+ K+ K-n°. Cpe,I\H ycTaHoBneHHhiX npoMe)!(JTOtJHhiX 
cocroHHHH pe3oHaHChi K2(1980)± H K4(2045)± BnepBbie o6Hap}')KeHhi B 
pacna,l\ax J I '1/J. B KHHeMarntJeCKOM KaHane K+ K- o6HappKeHhi ,!\Be cTpyK
TYPhi H npe,l\nOX<eHa Hx HHTepnpeTaQilll. TaKX<e B 3TOM KIIHeMaTntJecKoM 
KaHane He HaH,I\eHO CBH,I\eTenhCTB B nonh3Y CytQeCTBOBaHHH 3K30Tl1tJeCKO
ra COCTOHHilll X(1575) l1 cpaBHHMOrO C ony6nHKOBaHHhiM KOnna6opaQHeH 
BABAR BKna,l\a p(1450). 

2, Pa3pa6oTaH npH6nl1)f{eHHhiH MeTO,I\ YtJeTa pa3pellleHHH ,1\eTeKTopa npH
MeHHMhiH B napQHanhHO-BOnHOBOM aHanH3e, C era llOMOIQhlO C HaimYtJ
llleH Ha ,1\aHHhiH MOMeHT TOtJHOCThlO l13MepeHbi napaMeTpbi K*(892)± H 
K2(1430)±. Macchi 3TIIX cocroHHHH cocraBHnH cooTBeTcrneHHO 893,6 ± 

18 

0,1:~8:~ M3B H1432,7±0, 7~;:~ M3B, a HX llll1pHHhi- 46,7 ± 0,2~8:~ M3B 

H r = 102,5±1,6~u M3B. 
3. C HaHnYtJllleH Ha ,1\aHHhiH MOMeHT TOlJHOCThlO onpe,l\eneHa napQHanhHaH 

lliHpHHa B(Jj'ljJ--+ K+ K-n°) = (2,88±0,01±0,12) x 10-3 • TaKX<e onpe
,1\eneHbi napQHanhHhie lliHpHHhi pacna,l\a tiepe3 npoMe)!(JTOtJHhie cocroHHilll, 
Afl51 BCeX pe30HaHCOB, KpOMe K*(892)±, OHII II3MepeHbi BnepBhie. 

4. B nepBOM coBMeCTHOM aHanme S-BonHhi pa,I\HaQHOHHhiX pacna,I\OB J 1'1/J 
Ha 1r1r, KK, TJTJ II w¢, a TaKX<e ,1\aHHhiX no ,1\ByxnHOHHOMY nepepacceH
HHIO l1 npOTOH-aHTHllpOTOHHOH aHHHriin51QHH B llO,l\XO,I\e ,1\HCllepCHOHHOra 
N I D MeTO,I\a nonYtJeH cneKTp H30CKanHp-cKan51pHhiX Me30HOB. Cocro51HH51 
HHTepnpernpoBaHbi KaK HMeiOIQHe npeiiMyiQeCTBeHHO CIIHrneTHhie nH60 
npeHMYIQeCTBeHHO OKTeTHbie ~BapKOBhie KOMllOHeHThi B QJOKOBCKOM pa3nO
X<eHHH. 

5. yiJ cneKTpa napQHanhHOH lliHpHHhi po)({,l\eHH51 l130CKanHpHhiX CKanHpHhiX 
Me30HOB KaK QJYHKQHH IIX MaCChi llOnYtJeHhi HOBbie CytQeCTBeHHhie YKa3aHII51 
Ha CytQeCTBOBaHIIe CKan51pHOra rni06ona. Era MaCCa II lliiipiiHa COCTaBIIflii 
M = 1865 ± 25~~g M3B II r = 370± 50~~8 M3B, a napQI1anhHa51llii1pi1Ha 
po)({,l\eHH51 B Pa,I\IIaQIIOHHhiX pacna,l\aX Jl'l/J- (5,8 ± 1,0) X w-3 • 
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