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1. BBEAEHI-IE 

B nocneAHee epeM~ KaK 3Kcnep~MeHTanbHO, TaK ~ TeopeT~4ecK~ 

3Ha4~TenbHO yrny6~n~cb ~ccneAOBaH~~ Me30HH~x peaoHaHcoe c e~c

w~M~ cn~HaM~. 3Kcnep~MeHTanbHO eecbMa HaAemHo ycTaHoaneH~ 
ceoikTBa /Macca ~ w~p~Hal peaoHaHcoe co cn~HaM~ J pc = 2 ++I A 2 , 
r, f' 1-1 K"' I. Ha BCTpe4H~X e-e+ ny4Kax ~3y4aiOTCfl B HaCTOfllllee 
BpeMR paAI-1a~~OHH~e pacnaA~ 3T~X pe3oHaHCOB (f~ yy, f'~ yy , 
A2 .... yy). 

Ha~6onee nonHO ~3y4eH~ /1/ JPC =a-- lceMeHCTBO g-Me30Hal. 
Anfl 3anonHeH~fl su~ -MynbT~nneTa He XBaTaeT n~Wb OAHOrO ~30CKa
nl'lpHoro cocTOl'IH~fl. HeAaBHO Ha4aTo aanonHeH~e MYnbTI-1nneTa co
cTol'IH~H JPc = 4 ++ /ceMe.::tcTBO h-Me3oHa/. Cy111eCTBOBaH111e h -Me3oHa 
TBepAo ycTaHoeneHorl/ 111 ero Macca 1113BeCTHa OTHOC~t~TenbHO c Henon
HOH T04HOCTbiO. HeAaBHO '2/ 6btn o6HapymeH pacnaA h0 (2040) ~ pp . 
CTaTyc APYr~x pe30HaHCOB c JPC = s++' g++ BeCbMa CKyAeH' KpOMe 
TOro, nony4eH~ yKa3aHII1fl ' 3/ Ha CYIIIeCTBOBaHitle pe30HaHCOB CO Cnii1-
HaM~ 5 111 6. 

B 3Kcnep~MeHTanbHOI1 ycTaHOBKe 11~63 ICepnyxoel 111CcneAYIOTCfl 141 

4aCTI-14~ c DonbWII1MII1 MaccaM111 111 cnii1HaM~t~ ~ C~t~Hd~H~A ~ca~4nriA c ~C~7 

panbH~MII1 KOHe4H~MII1 COCT0l'IH111l'IMII1 Tll1na 

TT 'P •c/>o+n, I 1 . 1 I 

rAe ¢ 0 (f, h. q, G) - He.:1TpanbHafl 4acT1114a 111n111 rpynna 4dCTII14, pac
naAa10111111XCfl B KOHe4HOM C 4eTe Ha y- KBaHTbl. npeABaPII1Tenb Hble 
peaynbTaT~ noKa3~BaiOT, 4TO 

1 
2-:- 3' 

BR ( G • 2TT ) « 1. 
q-+ 2TT 11.21 

C T04K111 3peHII1fl TeopeTII14eCK111X nOAXOAOB 3TII1 pe3oHaHC~ pac
CMaTpii1BaiOTCfl KaK CII1CTeM~ KBapK-aHT111KBapKOB (qq), TaK 111 6onee 
CnOmH~X 06oeKTOB T~na rniOOHII1eB (g,g), 3K30TII14eCKII1X MHOrOKBapKO
BbiX CII1CTeM (q 2q 2) 111 T.n/ 51 . MeTOA~ Hepenl'ITII1BII1CTCKOH KBapKOBOH 
MOAen111 16 ' AaBHO np~MeHl'ln111Cb B 1113y4eHII1111 cneKTPOCKOnll1111 111 pacnaAOB 
Me30HOB. nocKOnbKY 3Heprll1fl B036ymAeHII1fl CII1CTeM~ (qq) np111 3TOM 
OKa3anaCb OAHOrO nOpl'IAKa 111n111 6onbWe MaCCbl OCHOBHOrO COCTOl'IHII1fl, 
TO nony4eHH~e np111 3TOM pe3ynbTaT~ HOCl'IT CKOpee Ka4eCTBeHH~H 
xapaKTep, 4eM KOnll14eCTBeHH~~. ~e~HMaH, K~t~cnii1HAmep 111 PaBHAan 
I~KPI 171 npeAnomll1n111 penl'ITII1 

BHCT'~.t·P~OOY~::Ji .
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HY~ Ha 3aMeHe Hepen~T~B~CTcKoro noTeH~~ana, ce~3~Ba~~ero (<iq) 
c noTeH~~anoM Koeap~aHTHoro 4eTblpexMepHoro rapMOH~4ecKoro oc
~~nn~Topa. B pa6oTe 18 1 MOAenb ~KP np~MeHeHa An~ ~3y4eH~~ c~nb
H~X pacnaAOB Me30HH~X pe30HaHCOB C B~CW~M~ Cn~HaM~ IJ = 2,3,41. 

HanpaeneH~e, anbTepHaT~BHOe KBapKOB~M MOAen~M, CB~3aHO C 
np~MeHeH~eM pa3H~x sap~aHTOB np~H~~na AYanbHOCT~ K pacnaAaM 
Me30HOB C BbiCW~M~ cn~HaM~ lSI, 0TMeT~M, 4TO KaK B MOAeii¥1 ~KP, 
TaK ~ B nOAXOAaX, OCHOBaHHbiX Ha np~H~~ne AYanbHOCT~, HapywaeT
C~ ycnOB~e YH~TapHOCT~, XOT~ np~4~H~ 3TOrO HapyWeH~~ B Ka~AOM 
~3 H~X pa3Hble. 3T~ nOAXOAbl, ~Bn~~Cb 4~CTO ~eHOMeHonor~4eCK~M~, 

MoryT paccMaTp~eaTbC~ TOnbKO KaK neps~e np~6n~~eH~~ Teop~~. 

6onee cepbe3HOA non~TKoA s 3TOM HanpasneH~~. HecMOTP~ Ha 6onb
woe 4~cno ln~Tbl noArOH04H~x napaMeTpoe, ~en~~Tc~ pa6oT~ 6oMa 
~ AP·/9/, e KOTop~x enepe~e np~MeHeHo KBaHTOBononesoe ypaeHe
HHe 6eTe-Conn~Tepa B ~ccneAOBaH~~ c~nbH~x pacnaAOB Me3oHoe. 
0TC~Aa B~AHO, 4TO ceA4aC OCTpO 4YBCTByeTC~ Heo6XOA~MOCTb B OA
H03Ha4HOM TeopeT~4eCKOM On~caH~~ ~~3~K~ 3T~X Me30HOB. no3TOMY 
npeACTaBn~eT 6onbWOA ~HTepec paCCMOTpeH~e pacnaAOB Me30HOB 
C BbiCW~M~ cn~HaM~ B B~pTOH-KBapKOBOA MOAen~ IBKMI 1101 , KOTOpa~ 
npeACTasn~eT co6oA caMocornacoeaHHY~ pen~T~B~CTCKY~ cxeMy 
KBaHTOBononeeoro MeWKa ~ npeTeHAYeT Ha TO, 4T06~ CTaTb OAHOA 
~3 Teop~A, on~CbiBa~~~X CTpoeH~e aAPOHOB B o6naCT~ 11 KOH~aiiiHMeHTa 11 • 

B AaHHOA pa6oTe paccMaTp~ea~Tc~ c~nbH~e pacnaA~ Me30HOB c 
BbiCW~M~ cn~HaM~. 3Kcnep~MeHTanbHO ~3BeCTH~ Mace~ TOnbKO f-HOHe
Ta TeH30PHbiX Me30HOB CO cn~HOM Jp = 2+, MaCCbl HOHeTOB CO Cn~
~.:u.AIA Ip- 4+, f+, a+~~;::::.,:.::. .. ~;;;:;-:-~.n ~i.:; H"'ia.--~aMMDI ~y-\iiiJdY"iVI..., 
o6o3Ha4a~Tc~ 4epe3 h, q, G -HoHeTbl cooTeeTcTeeHHO. B Ta6n. 1 
np~BeAeHbl MaCCbl 3T~X Me30HOB, a TaK~e COOTBeTCTBy~~~e yrnbl 
CMeW~BaH~~ ~M• KOTOp~e onpeAen~~TC~ ~3 MaCCOBOA ~OpMyn~ 
renn-MaHHa-0Ky6o. 

B cneAY~~eM pa3Aene nocTpoeH~ narpaH~~aH~ B3a~MOAeAcTe~~ 
~ e~4~cneH~ KOHcTaHT~ ce~3~ Me3oH-KBapKoe~x sepw~H. Aanee 
lpa3Aen 31 e paMKax paccMaTp~saeMoA MOAen~ ~ccneAOBaH~ c~nbH~e 
pacnaA~ Me30HOB C B~CW~M~ cn~HaM~ ~ o6cy~AeH~ OCHOBH~e pe3ynb
TaTbl. 

Ta6mm;a I 

HoHeT Jpc I = 1 I= 112 I= 0 I= 0 OcM 

f 2++ A2/1310/ K*/1430/ f /1270/ f' /1516/ 26° 
h 4++ A2/1940/ K*/2110/ h/2020/X/ h' /2190/ 23° 
q 6++ A2/2420/ K*/2600/ q/2520/ q' /2700/ 30° 
G s++ A2/2820/ K */3030/ G/2950/· G'/3130/ 25° 

xl Mace a Mh=/2020+ 40/ M3B 3KcrrepHMeHTaiTbHO ycTaHosneHa 111 . 
MaCCbl 'lneHoB h , q , G - HOHeToB orrpep;eneHbi H3 p;HarpaMMbi tiy-
ci>payqH, 
2 

Pac4eT~ noKa3an~, 4TO, eo-nepe~x, BKM e ~enoM xopowo on~c~saeT 
B~WeyKa3aHH~e pacnaA~, ~. BQ-BTOp~X cy~eCTBeHHOe Bn~~H~e Ha 
Ben~4~H~ W~p~H C~nbH~X pacnaAOB OKa3~Ba~T COCTO~H~~ C B~CW~M~ 
op6~TanbH~M~ MOMeHTaM~ f = J + 1 (qq) C~CTeM~. 

2. nArPAH~HAH~ B3AHMOAE~CTBHH 

npeAnOnO~~M, 4TO Me30Hbl BbiCW~X cn~HOB J++ IJ oc 2,4,6,81 
~Bn~~TC~ ABYXKBapKOBOA C~CTeMoA. nnoTHOCTb narpaH~~aHa B3a~Mo
AeillcTB~~ Me~AY Me30HH~M~ ~ KBapKOB~M~ non~M~ aan~weM B B~Ae: 

.£ (Jl (x) 
B3, 

12. 1 I 

(J) . 
3AeCb gcP- KOHCTaHTa CB~3~, ¢

111 
J llJ(X) - OKTeTHble non~ Me30HOB, 

CB~3aHH~e C ~~3~4eCK~M~ non~M~ c'TaHAapTHbiM~ COOTHOWeH~~M~ /111, 

>. i - MaTp~~bl renn-MaHHa, <lu (x)- KeapK08ble non~, npeo6paay~~~e-
c~ no rpynne SU(3) ;<' sue (3) • I (J) - onepaTop' on~Cbl8a~~~~~~ 
K8apK08~~~~ TOK C MOMeHTOM J. llt ... 11 J 

0CH08Ha~ npo6neMa np~ ~CcneA08aH~~ K8aHTOBOnone8~M~ MeTOAaM~ 
~~3~K~ Me30H08 C B~CW~M~ cn~HaM~ COCTO~T B 8~6ope onepaTopa 

J (J J 3 v + + J TOKa lll•"llJ TOT TOK An~ COCTO~H~~ J np~ 4eTHOM AOn~eH 
6~Tb n~HeAHoA KOM6~Ha~~eA cneAY~~~x B~pa~eH~A: 

J
1p( Ill )r. Q ... Q • 

11 2"" 11 J llt 112 llJ 12.21 

Qll ... Q, 
1 .... J 12.31 

Q =ia 
11 11 

1 =-(k -k-) 2 q q 

p ( llt ) - onepaTop c~MMeTp~3a~~~. 
112 ... llJ 

B Hepen~T~B~CTCKOM npeAene, ecn~ 8 12. 1 I 8 Ka4eCT8e q(x) ~ 
q(x) ~CnOnb30B.aTb A~paKOBCK~e Cn~HOPbl, TOK~ 12.21 ~ 12.31 on~
CbiBa~T COCTO~H~~ ABYXK8apK080A C~CTeM~ C op6~TanbH~M~ MOMeHTa
M~ £ = J -1 ~ f= J + 1 COOT8eTCT8eHHO. ToK~ /2.21 ~ 12.31 MO~-
HO YMHO~~Tb, KpOMe Taro, Ha n~6ble cTeneH~ onepaTopoe 3 



B :noa:i pa6oTe Mbl paCCMOTpi'.M cneAYIOU1~e TOK~: 

1 I (J) 
ll1· .. JlJ 

/2.4/ 

I (J)- L I (J) + 
ll1···1lJ + 'TIJ2 111···1.1 J • 

3AeCb XJ, r J ~ 'T/ J - He~3BeCTHble napaMeTpbl, KOTOpble xapaKTep~3YIOT 

OTHOC~TenbHbla:i BKnaA ABYXKBapKOBbiX COCTORH~~ C f = J - 1 ~ 
£ = J + 1 B sonHOBYIO ci>YHKLI~IO Me30Ha ~ KOTOpble npeACTOIH Bbl6paTb 

~3 KaK~x-n~6o coo6pa>t<eH~~. napaMeTp L = 1/320 M3B - napaMeTp 

B BKM 
1101

• 
Me3oH c 4eTHbiM cn~HoM J on~cblsaeTcR a ct>opMamt3Me nayn~-

<I>~Plla 113/ nonHocT biO c~MMeTp~4HbiM noneBbiM TeH3opoM c/J,~J) , (x) • ,..l ••• ,..J 
KOTOpbl~ YAOBJleTBOpReT YCilOB~RM 

/2.5/ 

/2.6/ 

6 • I (J) (x) 
EcTeCTBeHHO noTpe6osaTb, 4TO bl ~ KBapKOBbiH TOK l.lt~•· I.IJ 

YAOBneTBOPRil TeM >t<e ycnos~RM. 0AHaKo ycnos~IO /2.5/ a BKM Henb3R 

YAOBJleTsop~Tb npHHl.l~n~anbHO, nOCKOJlbKy, KaK Mbl C4~TaeM, B o6-

IlaCT~ KOH$a.:1HMeHTa KSapKH RBJlRIOTCR HenoKaJlbHbiMH 06"beKTaM~ • 
Tpe6osaH~IO /2.6/ MO>t<HO YAOBJleTsopHTb TOilbKO 8 cny4ae cnHHa 

J=2. 3TOMY Tpe6osaH~IO YA08neTBOpRIOT TOKH 
1 I~2fl.l 2 H 

2 I~~)1.12 
npH x 2 = r 2 = 1. Ycnos~e /26/ AilR TOK08 o6bi4HO Ha3bl8aeTCR 

YCI108~eM TeH30pHo.:1 AOM~HaHTHOCT~ /TA/ 
1121

• 

Tpe6o8aHHIO TeH30pHo.:1 AOMHHaHTHOCT~ TOK~ AilR cnHH08 8b1We A8YX 

He YA08JleT80pRIOT H~ np~ KaKOM 8bl6ope KOHCTaHTbl X J, T J ~ 'T/ J • 
Mo>t<HO n~wb YAOBneTsop~Tb ycno8~10, 4T06bl nonHbl.:1 wnyp KBapKosoro 

TOKa o6paT~nCA 8 Hynb, T.e. 

(J) 

g1.11112 gll21.L3 ••• gi.IJ-1I.IJII.I1···1.1J = 0
• /2.7/ 

AnR TOKOB 

• 

H~>t<e Mbl pacCMOTP~M narpaH>t<~aHbl B3a~MOAe~CTB~R ecex sap~aHToa 

TOK08 /2.4/ np~ pa3JlH4HbiX 3Ha4eH~RX napaMeTpOB XJ, TJ ~ 'TIJ• 

AnR pac4eTa KOHKpeTHbiX ci>H3~4ecK~x npol.leccos c y4aCT~eM Me3o

H08 C BbiCOK~M~ CnHHaMH narpaH>t<HaHOM /2.1/, KPOMe y>Ke ynOMRHYTbiX 

napaMeTpOB X J , T J ~ 'T/ J, He06XOAHMO 3HaTb TaK>t<e H KOHCTaHTY 

Me30H-KBapKOBOrO B3aHMOAe.:1CTB~R, onpeAeJlReMyiO 4epe3 gcP COOTHO

WeHHeM 

2 
= ~(~) 2(J + 1) 

h cP (4rr) 2 L /2.8/ 

B BKM oHa Bbi4HCI1ReTcR H3 ycno8~R C8R3HOCT~ 1141 • Bblpa>t<a10111ero TOT 

<)>aKT, 4TO Me3oH cocTasneH ~3 napbl (qq). Pac4eT h cP aHanor~4eH 
npeAb1AYU1~M Bb14~CJleH~RM KOHCTaHTbl B3aHMOAe.:1CTB~R AilR o6bi4HbiX 

Me30HOB, n03TOMY 3AeCb np~BOA~M ee OKOH4aTeJlbHb1.:1 B~A TOJlbKO 

AilA OAHoro TOKa 1 I (J) 
1.11 ···I.IJ 

(2J) ! v ( 2 ) ( 1.1 2 ) 
1.1 exp --

2-\J!)2 J 2. /2.9/ 

rAe 1.1 = mq]./2, m cP- Macca c/J -Me3oHa. 3as~c~MOCTb VJ(I.I
2

) OT Mac

C~I mcP AnA KOHKpeTHbiX 3Ha4eH~.:1 cn~Ha J ~ napaMeTpa X J nOKa3aHa 

Ha p~c.l. HeTPYAHO y6eA~TbCR, 4TO h~ oKa3biBaeTCR MeHbwe enH

H~Libl AilA BCeX J = 2,4,6,8, ~ n03TOM; np~ KOHKpeTHbiX paC4eTaX 

MO>t<HO BOCnOJlb308aTbCR TeOp~e.:1 803MYU1eH~.:1. 

Ys 
8 

5 

1,0 1,5 2,0 25 30Mf3B 

PHc. I • 3asHCHMOCTb senHT.J:HHbi V J OT MaCCbi npH 3HaT.J:eHHH rra

paMeTpos X r = I , X h = I , 2, X q = I , 4 H X a= I , 6 • 

5 



..................... -------------------------------
nocne Toro KaK c¢opMyn~posaH~ OCHOBH~e nonomeH~R BKM AnR 

pac4eTa ¢~3~4eCK~X npo~eccos c y4acT~eM Me3DHOB e~coK~x cn~
HOB, nepe~AeM K HenocpeACTBeHHOM~ ~3y4eH~~ ~X C~nbH~X pacnaAOB. 

CHa4ana paccMoTp~M pacnaA ¢ ( -+ P1 P2 : Me30H cn~H-4eTHOCTb~ 
J ++ jJ = 2, 4, 6, 8/ npeepaUlaeTCR B ABa nceBAOCKanRpH~X Me30Ha 

(P
1 

, P
2

). CooTeeTcTBy~aR A~arpaMMa ¢e~HMaHa e BKM ~3o6pameHa Ha 

p~c.2. 
HHeap~aHTH~A MaTp~4H~A 3neMeHT B C~CTeMe nOKOR Me30Ha 3an~-

CbiBaeTCR B B~Ae 

M("-(J) .... PP) 
'I' 1 2 

J 
I (l)n<l> Y (-+) - Jn Jn °q g "- p p , 

n=- J '~' 1 2 

13.1 I 

/3.2/ 

xy 2 '\J!) 
2 

[ R + .1!:.. v l -
(2J)! 

1 
2 

Y Jm(nJ - c¢ep~4ecKaR rapMOH~Ka, ¢YHK~~R <I>Jn on~c~saeT nonR
P~3a~~~ Me3oHa co en~ HOM J, h p = 0, 13, a R 1, R2, R 3 - 4~cneHHble 
~HTerpan~, RBH~~ B~A KOTOp~X np~BeAeH B np~nomeH~~ 6. B ¢opMyne 

/3.2/ np~BeAeHO KOHKpeTHOe B~pameH~e gcpp 1p2 /3.2/ AnR TOKa 
11 f,J) ., , COOTBeTCTBY~lll~e KOHCTaHTbl B3a~MOAeACTB~R AnR APYr~X 

rl'"rJ paCCMOTpeHH~X TOKOB B~4~CnR~TCR aHanor~4HO. W~p~H~ pacnaAOB 
c/J(J)-+ P

1 
P

2 
Bbi4~CnR~TCR CTaHAapTHbiM o6pa30M: 

/3.3/ 

112 2 2 2 3AeCb A (m¢. m Pl' m P 
2

) - o6bi4HaR K~HeMaT~4ecKaR ¢YHK~~R, 
nony4a~UlaRcR ~3 ~HTerp~poeaH~R no ¢a30BOMY o6beMy. Bbl4~cneHHble 
3Ha4eH~R w~p~H AByxn~oHHbiX pacna~oe f, h, q ~ G Me30HOB AnR 

BCeX 4eTblpex eap~aHTOB TOKOB k 1 ~/-·JL J np~BeAeHbl B Ta6n. 2. 
[en~ orpaH~4~TbCR KBapKOB~M~ TOKaM~ C H~3W~M~ Op6~TanbH~M~ 

MOMeHTaM~ f = J - 1, TO KBapKOB~e TOK~ onpeAenR~TCR TOnbKO nep-

6 

PHc.2. ~HarpaMMa ~eHHMaHa gnH 
pacrragoB ¢ (J) ... P1 P2 H f -+ VP. 
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9. 
L£= 

c 
1.1 
X 
l'l 

L 

• 

0 0 0 
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BbiMH cnaraeMbiMH a /2.4/, T.e.x 1 =r 1 =1/J =0. B 3TOM c11y4ae, 

KaK BHAHO 1-13 Ta611.2, C yaeJlH4eHHeM CnHHa 4aCTH~bl W~PHHa pacna

Aa ¢(J) ~2" ao3pacTaeT. Ha nepabl~ B3rllHA, $H3H4eCKH 3TOT pe-

3yllbTaT Ka*eTCR ecTeCTBeHHbiM, TaK KaK C pOCTOM CnHHa 4aCTH~bl 

CHCTeMa KBapK-aHTHKBapK, HMeiOl!laR BCe 60JlbWH~ op6HTaJlbHbl~ MO

MeHT, AOll*Ha 6biTb 6o11ee 
11 pb1XJ10~ 11 • I1HbiMH CJlOBaMH, CHCTeMa 

C BbiCOKHM CnHHOM AOJlmHa 6biCTpee pacnaAaTbCR, T.e. WHpHHa pac

naAOB, HanpHMep ¢ (J) ~ 2rr, AOll*Ha paCTH C yBeJlH4eHI-1eM Cni-1Ha. 

0AHaKO 3KCnepHMeHT rOBOPI-1T 0 TOM, 4TO WHPHHbl pacnaAOB 

cp (J) ~ 2rr He TOJlb KO He pac TYT, HO Aa*e y6biBaiOT C poe TOM Cn!.1Ha 

/eM. Ta611.2 1-1 pa6oTy 141 /. no BCe~ BHAHMOCTH, 3TO MO*eT 6b1Tb 

06bRCHeHO cne~l-1$!.14eCKI-1M CBO~CTBOM Ci-1CTeMbl KBapK-aHTHKBapK, 

8 

r 

300 

1 1,2 1 ,L. 1,6 1,8 2,0 Xs 

PHc • 3 • 3aBHCHMOCTb IDHpHHbl r (h ~ 2rr) , r(q-+ 2rr) H 

rca .... 2rr) I o603Ha'leHO COOTBeTCTBeHHO I '2 H 3/ OT napa

MeTpOB X J. 

')· 

'• 
' 

t 

COCTORl!le~ B TOM, 4TO C yBeJlH4eH!.1eM op6!.1TaJlbHOrO MOMeHTa f napbl 

qq paCCTORHHe Me*AY KBapKaMH B03pacTaeT, T.e. yaeJ1!.14!.1BaiOTCR 

Ci-1Jlbl KOH$a~HMeHTa H BKJlaA CJleAYIOl!le~ BOJlHbl C f = J + 1 CTaHOB!.1T-

CR 3Ha4!.1TeJlbHbiM. no3TOMY !.1HTep$epeH~I-1R BOJlH C f = J - 1 1.1 

f = J + 1 HrpaeT Cyl!leCTBeHHYIO pOTib npi-1 On!.1CaHI-1!.1 pacnaAOB Me3o

HOB C 60TibWHMI-1 Cni-1HaM~. 

113 4eTblpex paCCMOTpeHHbiX HaMH TOKOB TOJlbKO AllR ABYX 
1 (J) 3 (J) ' 
I ILJ ···ll J 1.1 I ll,l···ILJ , WI-1PHHbl ABYX nHOHHbiX pacnaAOB yMeHbWaiOT-

CR CM. Ta6n.2;. 4To6bl onpeAe11!.1Tb o6nacTb 3Ha4eHH~ napaMeTpa 

XpATIR KOTOpO~ WHPI-1Hbl pacnaAOB y6biB310T, Mbl nOCTPOHTIH Kpi-1Bble 

3aBI-1CI-1MOCTI-1 /p!.1C. 3/ r (¢ (J) .... 2rr) OT X J ATIR 1I (J) • HeTPYAHO 
( (J) lll···ILJ 

3aMeT!.1Tb, 4TO y6biBaHHe r cp -> 2rr) npOHCXOAHT ATIR 3Ha4eH!.1~ 
1 ~X J ~ 1 '7. no3TOMY npH 3THX 3Ha4eH!.1RX napaMeTpa X J Teopen14ec-

KHe pac4eTbl WHPHH r(¢ (J) .... 2rr) xopowo cor nacyiOTCR c 3Kcnep!.1MeH-

TaTibHbiMI-1 3Ha4eHHRMH. 

Aanee 6biTII-1 paccMoTpeHbl pacnaAbl TeH30PHbiX Me3oHoa f(2++) Ha 

seKTOpHyiO V 1-1 nceBAOBeKTOPHYIO P 4aCTI-1~bl: pacnaAbl A 2 ., prr , 

K*/1430/~ K*/1892/rr,Kp, Kw AllR narpaH*!.1aHa /2.1/ c TOKOM 

1 I (J) • 11HaapHaHTHbl~ MaTpH4Hbl~ 3JleMeHT pacna,qa f .... VP !.1MeeT 
/.11 ••• ll J 

BHA 

M(f .... Vp) ( ) 
qJ.Lq 0 

= g fpv gi-W (af3vo + g!lf3 fayvo 2 Py 8af3(P) e v (qt>. /3.4/ 
q 

gfnu 

e af3 (p), 6 v(q ~ - BeKTOPbl nOJ1Rpi-13a~l-1!.1, h f , h v - KOHCTaHTbl CBR3H 

TeH30pHoro 1.1 aeKTOpHoro Me30HOB cooTBeTcTaeHHO, K!L) - 4!.1CJleH-

Hbl~ I-1HTerpaJl, RBHbl~ BI-1A KOTOporo npi-1BeAeH B npi-1JlO*eH!.1!.1 6. 
B nonHo~ aHanor~-11-1 c /3.3/ AllR WHPHH pacnaAOB f .... vp nony4!.1M: 

112 2 2 2 
r(f .... VP) = _m_r A. (m r, mv,m p) [ 4rr ____ 2 _ ___::...._ • g fvp 1 + 

15m r 

(m~- m~) 2 

----'----] 
m2(m 2_2m2 -2m2) 

r r v p 

/3.6/ 

Bb14HCJleHHble no 3To~ $OpMyne 3Ha4eH!.1R WI-1PI-1H pacnaAOB A 2 ... prr , 
K* /1430/ ... K*/892/Kp, Kw yKa3aHbl a Ta6n.3. TaM me npHae-

AeHbl WHPHHbl paCI}_aAOB f -HoHeTa Me30HOB Ha ABe nceBAOCKallRPHble 

4aCTI-14bl (C' ... 2rr(KK); f' ... 2p(KK), a TaKme A 2 ... .,rr(KK); 

K * .... Krr ). napaMeTp XJ' BXOARUII-1~ B JlarpaH*HaH B3aHMOAe~CTBI-1R /2. 1 I 
1.1 onpeAeTIRIOUII-1~ BKJlaA COCTORHI-1~ C op6HTaJlbHbiMH MOMeHTaMI-1 f = J + 1 
AllR acex pacnaAOB 1.13 Ta6n.3, Bbl6paH Ha ocHoaaHI-11-1 TA, T.e. x2 = 1. 

KaK BI-1AHO 1-13 3TO~ Ta6111-1~bl, y4eT ycnoaHR TA AllR Me30HOB co cn!.1H-

4eTHOCTbiO J pc = 2 ++ 1.1rpaeT 3Ha4HTeJlbHYIO ponb 1-1 xopowo on!.1cbl

aaeT Cyl!leCTBYIOUII-1e 3Kcnepi-1MeHTaJlbHble AaHHble. 3TO CBHAeTellbCTByeT 

0 TOM, 4TO !.1HTep$epeH~J.10HHble 3$$eKTbl MemAY COCTORHI-1RMI-1 f = J - 1 
1-1 l = J + 1 CYl!leCTBeHHO BJ1!.1RIOT Ha $1-13H4eCKyiO KapTHHy CHTibHbiX 

pacnaAOB TeH30pHbiX Me30HOB 2 ++ • 
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Ta6J1HI.~a 3 

Ho~bi r3Kc. M3B r Teop.' M3B 

c -+ 217 147+20 120 
C -+ KK 4,98+t ,09 4,3 
f' -+ 217 • seen} 6 7.:~fo 7,2 
f'-+ KK dom1nant 40 

A 2 ... !J!T 14,89+1,85 16 
A2 .. KK 4 '9+0, 75 7, I 
A2-+ P11 71,4"+5,8 80 
K*(1430) -+ KIT 49, 1"+6,51 52 
K*(1430) ... K*11 27 +4,9 24 
K'1430) ... Kp 6,6+2,16 6,5 
K*(1430) .. Kw 3,7:!),97 2, I 

nP~flOlKEH~E A 

BonHosaR ¢YHK~~R 4aCT~~~ c ~en~M cn~HOM J ~ ~MnynbcoM p 3an~

c~saeTcR B B~Ae 

I\\ 
¢ '"'' tx, PJ 

f.lt ···f.l J 

1\\ 

3/2 e '"' -•~-
(217) v2E J.ll"'f.LJ (p)e ·.-- /A. 1/ 

rAe e ~I ... J.l J - C~MMeTP~4HbiH no BCeM ~HAeKcaM TeH30P nonRP~3a~~~ 
Me30Ha, YAOBneTBOPRIOIII~H ycnOB~RM '13,15! : 

P . e(A) -
J.L, llt"•J.lj .. ·ll J (p) - 0, 

(A) 
g J.L11l j e l-It ... J.L1 ... ll j... 1-1 J (p) = 0 • /A.Z/ 

e(A)* (p)e(A') (p) =(-1)J8 , 
f.lt"'f.LJ llt"'ll-J AA 

I. e(A) (p) e(A)* (p) = nJ (p)· • 
A J.Lc·llJ vl"'vJ f.ll·"f.l.TVl ... vJ 

3AeCb ll! l'"f.LJ• v
1 
... v J (p) - npoeKT~PYIOIII~H onepaTop AnR COCTOR-

H~R 4aCT~~~ CO cn~HOM J ~ ~MnynbCOM p. 06~4HO BMeCTO npoeKTOpa 

ntt•••llJ, v
1 

••• v J nonb3YIOTCR 11 COKPallleHH~M npoeKTOpOM
11 

10 

,. 
I 

J 

J k' 
llJ(k,k',p) =k/ll ... kf.LJ llJLt• .. f.LJ,Vl"'VJ Vl 

k, • 
VJ /A.3/ 

3TO CBR3aHO C TeM, 4TO np~ KOHKpeTH~X pac4eTaX ¢~3~4eCK~X npo

~eCCOB C y4aCT~eM Me30HOB C BbiCW~M~ Cn~HaM~, lllll• .. llJ• v1 ... v J 
CBepTbiBaeTCR no BCeM ~HAeKCaM, n~fio C BHeWH~M~ ~MnynbCaM~, 
n~60 C TeH30paM~ nonRp~3a~~~ BHeWH~X 4oCT~~ /ecn~ OH~ ~MeiOT 

cn~H/. 
np~BeAeM RBH~H B~A 11COKpallleHHOrO npoeKTOpa" /l3/ 

nJ (k,k' p) = 2
J(J!)

2 
[(k·k) (k'·k')]J

12
P (z) 

' (2J)! J • 
/A.4/ 

rAe P J (z) - non~ HOM Ile>KaHAPa cTeneH~ J, nepeMeHHoa:\ 

z = (k·k') 

[(k· k) (k'. k ')]112' 
a (t.t) =t t (-g ~ a {3 a{3 + m 2 ) • 

CnefyeT OTMeT~Tb, 4TO ycnos~e HOpM~POBK~ TeH30pa nonRp~3a~~~ 
e ,~A , (p) Bbt6paHo B B~Ae: 
~"'1"' t"J 

(A) . j 2J(J !) 2 
ell ooo/l (p) k ll ... k J.l = 1 --

1 J 1 J (2J)! 

J m A -+ 
I. (-1) 41 J-mYJm(nk) • 

m=-J 
/A.5/ 

rAe ii\=k/lkl, kll(ko,k). 
np~ 3TOM ¢YHK~~R 41}m B I A. 5/' on~CbiBaiOIIIaR nonRp~3a~~IO Me3o

Ha co cn~HoM J, ~ c¢ep~4eCKaR rapMoH~Ka YJm(nk) HopM~posaHbl yc
nosHRM~ IHV : 

J m A' A 
I. (-1) 41 Jm 41J- m 

m=--J 
1 8AA,' 

i 41.\ 41A*, 
A=-J Jm Jm 

(-1)m 
- 8 

2J + 1 ml-m' ' 

... ... 411 8 8 
J <ID; YJm (n) Y J'm' (n) = 2J + 1 JJ' mm'' 

J ...... * ...... -+ ...... 
I. YJm(n 1 )YJm(n 2) =PJ(n1 .n 2). 

m=-J 

CnpaBeAn~BO cneAYIOIIIee COOTHOWeH~e: 

(A) 1 a,( Ill ) q kll ... k llJ= e -J ll1 2 
J.lt•••ll J J 1-12 ... ~-~ J 

/A.6/ 
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= 1. J / 2J-1 ((J-1)!)2 J (-1)m A v---~-_:_,;__ 2: 1111_mYJm (11\ ,(J-1)~k) 
(2(J- 1))! m~J 

/A.7/ 

VI c~~m1 J2m2 - K03$$1-1~1-1eHTbl Kne6wa-ropAOHa. 
Bee pac4eTw All~ paccMaTpHaaeMwx a AaHHO~ pa6oTe pacnaAOB 

YA06HO npOBOAVITb B CVICTeMe nCKOH Me30Ha. B 3TO~ CVICTeMe VIMeeM 

1 J eA (a,e-imx 0 + imx 0 ) 
.:. J.L J.L " +at..e • 

v' 2mV A~J 1'" J 
/A.8/ 

3AeCb V- o6beM, B KOTOpOM 3aKJl~4eHa CVICTeMa, m- MaCCa Me30Ha, 
a a,\ 1-1 a>. - onepaTOpbl YHVI4TO>KeHVI~ VI pO>KAeHVI~ Me30Ha C VIMnyJlbCOM 
p = 0. 

nPHflOJKEHHE 5 

.... I I .... I I ...... I II~ .... 

''t-"~'-....,.M~"' ....... ~- .......... .,,, ...... ,,,,,,~.~ 0 ..-J •............ J 

2 sinfW 
+ t --(cos~A + ch~B) w 

.. ~ /7. ? / • ....... . ,., '_, . 

PJ-1 (y)t sin~ 
V2 = --===- --[cos~A + ch~B + 

v 1- x2 W 

12 

T 
I 

+ ch:UB -cos~ A)] , 

tyJ.L 
v 3 = V1 - P.T (y) [ co~(B sin~A -A sh~B) -

A2 + B2 

- ~ tyy 1- x2 si~~W (cos2(A + ch~B) + 

+ sinfW ch2;;'B - cos?{ A 
W A2 + 8 2 

W = y t 2 + J.L 2/4 + J.lty y 1- X 2 

R1, R 2 VI R3 Bbi4V1Cll~~TCH c noMC~qb~ 3BM. Hx 3aBVICVIMOCTb oT Mace 
AllH t h, q HOHeTOB noKa3aHa Ha PVIC.4,5,6, AllH G HOHeTa 
R = ':U, 44, R = II, 8':>, R = 109,3 . 

"" 31 --- +1 2 
l(J.L) = I dt t I dx v 1 - x2 r dy F • exp (-3t V) • 

0 0 -1 

2So s 1 
F =-

2 
(B sin~A- A sh~B) + 

2 2
(A sin~A + B sh~B) -

A2 + B A + B 

82 • <)/:: 
- (ch~B - cos-.sA), 
~ + s2 

4 2 si~W So= t yxy1-x --, w 

2 2 2 2 2 2 2 2 sineW 
S l = t ( t ( 3y - 1)(1 - X ) + V(2 - X + y - 2x y ) ] -W- , 

4 2 2) ~t: S 2 = t (3y - 1)(1 - X COo:x, W , 

HHTerpall I(J.L) Bbi4VICJlHeTCH c noMOIJlb~ 3 BM. npVI 3Ha4eHVI.AX MaCCbl 
1317 VI 1434 M3B OH paaeH cooTseTCTBeHHo: I /1317/ = -0,276; 
I /1434/ = -0,39. 
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1 

1,2 1 ,f. 

1 
I 

PHc.4. 3aBHCHMOCTh HHTerpanoB 

R 1, R 2 H R3 /o6o3Ha'leHo cooT

BeTCTBeHHO ),2 H 3/ OT MaCCW 

npH 3Ha'leHHH CnHHa 2. 

30 

20 

10 

2,3 
14 

I 

2 

1 
1------

2,5 2,7M,I3B 

5 
3 

18 
l 

2,0 2,2M,I3B 

PHc.S. 3aBHCHMOCTb HHTerpanOB 

R 1, R 2 H R8 /o6o3Ha'leHo cooT

BeTCTBeHHO I :'2 H 3/ oT Maccbi 

npH 3Ha'leHHH CnHHa 4. 

PHc.6. 3aBHCHMOCTh HHTerpanoB 
R

1
, R 

2 
H R8 I o6o3Ha'leHo 

COOTBeTCTBeHHO 1,2 H 3/ OT Mac

Cbl npH 3Ha'leHHH CfiHHa 6. 

I 
r 
I 

1 
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H3AaTenbCKHH OTAen 06beAHHeHHOrO HHCTHTYTa RAePHbiX HCCnenoBaHHH 

UHHeilxaH M., E~HMOB r.B., MypaAOB P.X. 
CHJibHbie pacrraAbi Me30HOB c BbiCIIIHMH cmmaMH 

PZ-83-375 

P accMoTpeHbl pacrraAbi Me30HOB c BbiCIIIHMH crrHHaMH I J P = 2 +, 
4+, 6+, 8+/ B BHpToH-KBapKOBOH MOAeJIH /BKM/ B rrpeAIIOJIO~eHHH, 
'ITO Me30Hbl HBJIHIOTCH ABYXKBapKOBOH CHCTeMOH. IloKa3aHO, 'ITO 
AJHl OIIHCaHHH HMeiOII.\HXCH 3KCIIepHMeHTaJibHbiX AaHHbiX He06XOAHMO 
C'iHTaTb, 'ITO COCTOHHHH CHCTeMhl qq C op6HTaJibHbiMH MOMeHTaMH 
f = J - 1 H £ = J + 1 IIPHMepHO OAHOro IIOPHAKa. 

Pa6oTa BbiiiOJIHeHa B J1a6opaTopHH TeopeTH'ieCKOH ~H3HKH OIUIH. 

OpenpHHT 06~eAHHeHHOf0 HHCTHTyTa AAePH~X HCCneAOBaHHH, AYOHa ~~~j 

Dineykhan M., Efimov G.V., Muradov R.Kh. 
Strong Decays of Mesons with Highest Spins 

PZ-83-375 

Decays of mesons with highest spins ( JP = z+, 4\ 6+, 8+) 
are considered in the virton-quark model (VQM) under assumption 
that the mesons are the two-quark system. It is shown that 
for the description of available experimental data it is 
necessary to assume that the state of qq system with orbital 
momenta £ = J - 1 and f = J + 1 are approximately of the same 
order. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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