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1. BBE.llEHHE 

C MOMeHTa OTKPbiTHfl Tfi>KeilbiX BeKTOpHbiX 'I' 1-1 'Y' -4aCTJ.11..1 BHOBb 

B03pOC HHTepec K COCTaBHbiM KBapKOBbiM MOAeilf!M/l, 21 • 0Ka3aJlOCb, 

4TO CneKTp MaCC MC30HOB, COCTaBJleHH~X 1-13 Tfi>KCil~X C 1-1 b KBap

KOB, C XOpOWeH CTCneHb~ T04HOCTH MO>KCT fi~Tb OnHCaH C nOMO~b~ 
HepeilfiTHBHCTCKOrO ypaBHCHI-11'1 illpCAHHrepa C nOTCHI..IHailOM 3an1-1pa~

~ero THna /eM., HanpHMep, /3/ /. 0AHaKo, KaK noKa3aHo e141, 
npHMCHeHHe 3TOrO nOAXOAa Ailfl pac4eTa CBfl3aHH~X COCTOfiHHH ner-

; KHX KBapKOB, T.e. Ailfl onpeAeileHHfl cneKTPOB Mace p, w , 
-Me30HOB, He fiBilfleTCfl nOCileAOBaTeilbH~M BBHAY Taro, 4TO CBfl-

3aHHble COCTOfiHHfl IlerKHX KBapKOB - B 60JlbWeH CTeneHJ-1 peJlf!TH

BHCTCKHe CHCTeMbl. CneAOBaTeilbHO, B03HHKaeT He06XOAHMOCTb BMec

TO HepeJlRTHBHCTCKOrO ypaBHeHI-11'1 illpeAHHrepa: 

(£nep. _ P
2 

) qr ~p) = (2rr) - 3 JV(p, k) 'I' (k) dk, 
q 2m q q 

< nep. = 
q 

q2 

9m 

/1/ 

npi-1BileKaTb peJlf!TJ.1BHCTCKJ.1e ypaBHeHHfl Ailfl COCTaBH~X 4aCTI-11..1, THna 

ypaeHeHHfl 6eTe-Coilni-1Tepa/V HilH TpexMepH~X OAHOBpeMeHH~X ypae
HeHHH KBa3HnOTeH1..1HailbHOrO THna/o/. 

npHBileKaTeilbHafl 4epTa OAHOBpeMeHHOrO nOAXOAa - COXpaHeHI-1e 
B HeM OCHOBH~X CBOHCTB annapaTa HepeJlf!THBHCTCKOH KBaHTOBOH 

MeXaHHKH: HailH4He BepOfiTHOCTHOH HHTepnpeTai..IHH BOilHOBOH $YHK1..1HH, 

TpexMepHOCTb, B03MO>KHOCTb IlOKailbHOH $opMyilHPOBKH B KOH$Hrypa-

1..1HOHHOM npeACTaBJleHHH. 

0CHOBH~M ypaBHeHHeM KBa3HnOTeH1..1HailbHOrO nOAXOAa fiBilfleTCfl 

ypaBHeHHe, noily4eHHOe Ailfl ABYX CKailflpH~X 4aCTHI..I C paBH~MH Mac
CaM!-1 e pa6oTe/51: 

)m2 + p2 (E~ _ p 2-m2) 'l'q (p) = JV(E; p,k) 'l'q (k) d3k. 
121 

B HaCTOfl~eA pa6oTe M~ H3Y4HM B03MO>KHOCTb onMcaHHfl cneKTpa 

MaCC IlerKHX BeKTOPH~X Me30HOB Ha OCHOBe peJlfiTHBHCTCKOrO AByx-

4aCTH4HOrO ypaeHeHHfl /2/. Hawa 1..1e11b - HaXO>KAeHMe TaKHX pewe

HHA ypaBHeHMfl /2/ C noTeHI..IMailOM, 06JlaAa~~J.1M CBOHCTBOM 3anJ.1pa

HJ.1fl KBapKOB, KOTOp~e, C OAHOH CTOPOH~, XOPOWO OnHC~Bail!-1 6~ 

cneKTP Mace Me3oHoe, c APYroA - MOrilH 6~ 6~Tb npHMeHMM~ Ailfl 

y4eTa $eHoMeHonorH4eCKMM o6pa3oM 3$$eKTOB 3anHpaHHfl e APYrHx 

it~~,:~::-~·,·t-.. ·~~:~:i:~·~ ~·-.;:.;~;~;;,~~ l 
a;;~::.•r ~-- ~f::.•,·r.:A~~!; 
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3aAa4ax, Hanp~Mep, a aaAa4e o6 ynpyroM ~opM~aKTope MeaoHa ~n~ 
np~ B~4~CneH~~ CTpyKTypH~X ~YHK~~H aAPOHOB. 

2. OCUHflfl~TOPHO-nOA06HA~ 3AnHPAIDmA~ 4ACTb nOTEHUHAflA 
KBAPK-AHTHKBAPKOBOrO B3AHMOAE~CTBH~ 
H HHT£rPO-AH~$EPEHUHAflbHOE YPABHEHHE 
Afl~ PEfl~THBHCTCKO~ BOflHOBO~ ~YHKUHH 

B cneKTpocKon~~ MeaoHOB cTano o6114enp~HRTbiM npeACTaa-neH~e 
noTeH~~ana B3a~MOAeHCTB~fl KBapKa ~ aHT~KBapKa B B~Ae ABYX 
4aCTei1: AanbHOAei1cTBYIOIJ4ei1 V3an. (r), o6ecne4~Bai01J4ei1 aan~paH~e 
KBapKOB B aApOHe, ~ TOH 4aCT~, KOTopaR on~C~BaeT B3a~MOAei1cT-
B~e KBapKOB Ha Man~X paCCTORH~RX V (r) : M.p. 

V _(r) ~ V (r) + V (r) • 
qq M.p. 3an. /3/ 

B Ka4eCTBe me 4aCT~ noTeH~~ana, AOM~H~PYIOIJ4eH Ha Man~x pac
CTORH~Rx, o6~4HO Bbl6~paeTCR ~ypbe-o6pa3 aMnn~TYAbl OAHOrniOOHHO
ro 06MeHa MemAY KBapKOM ~ aHT~KBapKOM: 

V- (Q2) ~ 477 as (Q2 ). 
qq acc.ca. Q2 /4/ 

perynRpJ-~aoaaHHOH TeM ~m1 ~HbiM cnoco6oM np~ Manblx Q2 161
• 3Ta 

4aCTb noTeH~~ana aaa~MOAei1cTB~R CYIJ4eCTBeHHa AnR onpeAeneH~R 
III!.!O!.!H nenTOHHbiX ~ nD04~X oacnaJlOB KBaPKOH~eB. 

AanbHOAei1cTBYIOIJ4YIO 4aCTb noTeH~~ana - V3an. (r) npeACTaa
nRIOT 06bi4HO, no Kpai1HeH Mepe, B HepenRT~B~CTCKOM nOAXOAe, B 
B~Ae 6eCKOHe4HO paCTYIJ4eH np~ r~~ ~YHK~~~. 8 OCHOBHOM ~MeHHO 
oHa onpeAenReT pacnonomeH~e ypoaHei1 3Hepr~~ CBR3aHHOH c~cTe
M~/31. AnR TRmen~x 'I' ~ Y' MeaoHoa ~eHoMeHonor~4eCK~M nyTeM ycTa
HoaneHo, 4TO V~mn. { r) pacTeT n~Hei1Ho ~n~ norap~~M~4ecK~ 1 3.71. 

AnR nerK~x me KaapKoB cTeneHb pocTa noTeH~~ana c pocTOM 
paCCTORH~fl MemAY KBapKaM~ COBepweHHO He~3BeCTHa, TaK KaK AO 
C~X' nop HeT ycTaHOB~BW~XCR, Hanp~Mep, AnR p -Me3oHa, 3Ha4eH~H 
Mace ero aoa6ymAeHH~x cocTORH~H. no3TOMy MomHo npeAnonaraTb, 
4TO AnR nerK~x KBapKoa aan~pa10114aR 4aCTb noTeH~~ana MomeT pac
T~ Aame 6blcTpee, 4eM n~HeHH~H noTeH~~an, Hanp~Mep, KaK noTeH
~~an oc~~nnRTOpHoro T~na. 

Kaaa~noTeH~~anbHble ypaaHeH~R paccMaTp~aan~cb HaM~ paHee 
B pa6oTax/8·tO~ AnR cny4aea, KOrAa aan~pa10114aR 4aCTb noTeH~~a
noa B~6~panaCb B B~Ae paan~4H~X B03MOmH~X penRT~B~CTCK~X o6o6-
114eH~H n~HeHHoro noTeH~~ana, a KOPOTKOAeHCTBYIOIJ4aR 4aCTb CTpo~
nacb a B~Ae ~ypbe-o6paaa aMnn~TYA~ OAHorniOOHHoro o6MeHa !4J11V 

8 HaCTOR~eH pa6oTe M~ ~3Y4~M cny4aH, KOrAa aan~pa~aR 4aCTb 
nOTeH~~ana, BXOAR1J4ero B penRT~B~CTCKOe ypaBHeH~e /2/, ~MeeT 
B~A OC~~nnRTOpa. AnR 3TOrO CHa4ana o6paT~MCR K HepenRT~Bl-ICT
CKOH Teop~~. 

2 

\, 

~ 

!1", 

~~· 

~ 

KaK nerKo y6eAHTbCR, noTeH~~any B r -npocTpaHCTBe: 
2 

V (r) ~!!!.._r2 
:l~n. 2 /51 

a ~MnynbCHOM npeACTaaneHH~ OTBe4aeT onepaTop 
-+ o} -+ -+ 

V (p) ~- -L\~B(p- q), 
:lan. 2 P /6/ 

rAe .!\~ ~ d
2
2 - onepaTOP flannaca a TpexMepHoM 3BKnHAOBOM npocT-

P ~ 
paHCTBe ~MnynbCOB: 

L\~exp(fP~ ~-r 2 exp(tpt} 
p 171 

TaKHM o6paaoM, nonHOMY noTeH~Hany /3/ a ~MnynbCHOM npeA
cTaaneHH~ MOmHo conocTaB~Tb a~pameH~e: 

ru2 -+ -+ -+ ..... v- ~- -8(p-k) L\ + v (p-It) • 
qq 2 p M.p. /8/ 

noAcTaHOBKa /8/ a ypaaHeH~e WpeA~Hrepa /1/ npHBOA~T K cne
AYI0114eMy HHTerpo-A~~~epeH~HanbHOMy ypaaHeH~IO: 

q2 p2 w2 ~ 
(-- - + -.!\~)'1' (p) ~ 

2m 2m2 Pq 

~ (277)-3 fV.M P (p -k)'l' <k> d3k . 
/9/ 

• • Q 

nepeHAeM K penRT~B~CTCKOH Teop~~ ~ paCCMOTpHM penRTHBHCT
CKOe 0606114eH~e BblpameHHR /8/. 

PaccMOTP~M ypaBHeH~e /2/ c FIAPOM, B3RTbiM B B~Ae /8/. noA
CTaHOBKa /8/ B /2/ AaeT cneAYIOIJ4ee ypaBHeH~e AnR CHCTeMbl ABYX 
CKanRpH~X 4aCT~~: 

(})2~ 
[ j m2 + p2 (q2 _ p2 ) + --1 'I' (p) 

2 q 

~ -t2 ~ a-+ /10/ 
~JVM.p_[(p -K) ;Eq]'l'q(k)d It. 

0TMeTHM, 4TO B pa60Te 1121 6~no npeAnOmeHO penRT~B~CTCKOe 
o6o6114eHHe oc~~nnRTOpHoro noTeH4~ana AnR ypaaHeH~R KaAblweacKoro. 

3. 3HEPrETH4ECKHE CnEKTPW YPABHEHHA 
C OCUHflfl~TOPHWM nOTEHUHAflOM 

PacCMOTp~M ypaBHeH~e /2/. nocne 3aMeHbl: 
~ne<P> 'I' (p) ~ ----- v. (0, ~) nem p tm 
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np~XOA~M, npeHe6peraR ~HTerpanbHWM 4J1eHOM, K CJ1eAY~QeMy A~$
$epeHl.l~aJ1bHOMy ypaaHeH~~ AJlR paA~anbHoi1 4aCT~ Ill nf (p): 

[w21i2 _d __ ;;;;;: p2- (E 2 _ m2 _ p2) _ 
dp2 nf 

w2 'fi2 e (f + 1) 
- -------]111 .(p) = 0. 

2. m p 

/11/ 

no caoeMy B~AY aTo ypaaHeH~e 6n~aKo K ypaaHeH~~ WpeA~Hre
pa. S o6nacT~ ManbiX p ero peweH~eM RBJlR~TCR $YHKLI~~ 6eccenR: 

J;(E2 - m2) 
111 e (P) = c pj. (kp). k = --.-l!}----. 1121 n 1 r wn 

S o6nacT~ 6onbw~x p l.leHTpo6emHWM 4JleHoM MomHo npeHe6pe4b, 
~ ypaaHeH~e /11/ np~o6peTaeT B~A= 

['ii2 d2 /dp2 - q(p)]lllne (p) = o. 

q(p) = w-2 j m2 + p2 -(p2 + m2 _ E 2 ) 
nF 

/13/ 

}.lnR peweH~R '/13/ aocnonbayeMCR MeTOAOM SK6 ~ 6yAeM ~cKaTb 
BOJlHOBy~ $YHKLI~~ B B~Ae: 

ihfn\ _ a-..r i nt-\1 -_,..L1i o'r~-1 

,.y.(-\ 
0'-t"l "0 

ii 
i "1 

I 1i I 
2 -

"2 I I "1/ 

OrpaH~4~BaRcb nepawM~ ABYMR cnaraeMwM~ a paanomeH~~ /14/, 
nony4aeM: 

ifl(p) = 

c p -
--- exp 1- ( ,/q dp ' I , p > a 
2Viqr a 

c 
---~ 

4/T-ol I v q, 

sin I f JIQi dp ' + 
p r.::;--

a~yE2-m2. 

~1. 
4 

/15/ 

p < a 

}.lnR Taro, 4T06bl nony4~Tb ycnoa~e KBaHToaaH~R, aocnonbayeM
CR ac~MnToT~4eCK~M awpameH~eM AJlR 1 12/ 

111 0~ (p) = c 1 cos(kp - !.L) 
p _, "" 2 

/16/ 

~ 11COWbeM11 ero C KBa3~KJlaCC~4eCKOi1 BOJlHOBOH $YHKI..\~ei1 /15/ B o6-
naCT~ p < a. nony4~M: 

a 4 f 3 
( Vrn2+p2 ~ +p2 -E2~ dp =11w(n+- + -); n=0,1,2 .... /17/ 

0 Ol 2 4 

4 

\ 
I 

~ 

~n~, nocne awnonHeH~R ~HTerp~poaaH~R: 

_1- 2 2 B 3 1 1 1 
v m (E nF - m ) ( 2; 2) 2 F 1 (- 4' 2; 

2 2 1 2 e 3 > ; 1 - E • m ) = 2mu (n +- + - . 
nr 2 4 

/18/ 

Ycnoa~e KBaHToaaH~R np~o6peTaeT oco6o npocToi1 B~A a cny4ae 
rn = 0: 

E 5/2 
nf 

- e 3 
4..) 11 w (n + 2 + 4 ). /19/ 

0TMeT~M, 4TO OHO nopOmAaeT CneKTp C06CTBeHH~X 3Ha4eH~H, He 
o6naAa~~~~~i1 xapaKTepHbiM AJlR HepenRT~B~CTCKoro TpexMepHoro oc
l.l~nnRTopa CBOHCTBOM aKB~A~CTaHLI~~ ypoaHei1. S cnY4ae /19/ pac
CTORH~e MemAY B036ymAeHHWM~ ypOBHRM~ yMeHbWaeTC~ C POCTOM 
rnaaHoro KBaHToaoro 41-1cna: E

0
+ 1,r- Enf ~ n-315 . 

Y4eT HaJ1~4~R y KBapKOB KOHe4HOH, HO MaJlOH MaCCW np~BOA~T K 
nonpaaKaM a cneKTpe /19/ nopRAKa ilM _ m2/M , '-ITO np~ m "' 

p 
"'1 0 MaS cocTaBnReT iliVI - 1 MaS, ~ 3Ha4~TeJlbHO MeHbWe Maccw Me-
30HOB. 

4. PAC4ET~ CnEKTPOS MACC ME30HOB 

a/ np~MeH~M ycnoa~e KBaHTOBaH~R /19/ AJlR Bbil.llo1CJleH~R CneKT-
--- ---~- ~--~ ... ,.,~ -··-~"""1.<11...1 ,..."''''""' ..... ...,'-A ,.,'""..._."' fiJIV~'\JJn\""''""'nnuJA '-'V'"-' 1 vnn.,..lt"l ,., I"I~~VnQ • 1 O'-'-•·•- · r-··· · -~·., ·-· 

rn = 0. TorAa eA~HCTBeHHbiH cao60AHbiH napaMeTp w <J>I'IKC~pyeTCR no 
3Ha4eH~~ MaCCbl OCHOBHOrO ypOBHR p -Me30Ha: M p "'0, 776 MaS. }.lnR 
cpaaHeH~R a Ta6n. 1 np~BeAeH cneKTp, nony4eHHbiH c noMOlllb~ ycno-
B~R KBaHTOBaH~R a n~Hei1HoM noTeHI..\~ane191 V(r) = a'r np~ rn=O: 

M0 = 2tf 411a'(n + 3/4). /20/ 

TaKOH cneKTp noKa3WBaeT, 4TO MaCCbl Me30HOB MOryT Bb14~CJ1RTb

CR ~ B CJ1y4ae 6e3MaCCOBbiX COCTaBJlR~lli~X KBapKOB. 
6/ }.lpyr1-1M np~MepoM ~cnonbaoaaH~R $opMyn /19/ ~ /20/ MomeT 

cnym~Tb Bbi4~CJ1eH~e Ha ~X OCHOBe cneKTpa Mace rn~OH~R, KOTOPbiH 
MOmHO paccMaTp~BaTb KaK CBR3aHHOe COCTORH~e ABYX 6e3MaCCOBbiX 
4acT~l.l1131. CaMbiM nerK~M ~aaecTHbiM noKa aKcnep~MeHTai1bHbiM KaH
A~AaToM Ha MeCTO rn~OH~R RBJ1ReTCR ~'-Me30H/14/ C MaCCOH M~· 
= 0,96 ras. $~KC~PYR no aToi1 Macce napaMeTp no~eHl.ll'lana, nony-
4aeM cneKTp, np~BeAeHHbli1 a Ta6n.2. SoaMomHo, rn~oH~eM RBJlReTCR 

,.,eaoH E(1420), Ha6n~AaeMbiH a peaKLI~~ J/if; _, y + E(1420) 1151
• 

TorAa E(1420),' cornacHo Ta6n.2, 6yAeT nepBbiM 1-1n~'~ BTOpbiM pa
A~anbHbiM aoa6ymAeH~eM ~· a cny4ae OCl.I~JlJlRTOpHoro noTeHl.l~ana 
~ TpeTb~M paAVIanbHbiM aoa6ymAeH~eM ~-. ecn~ noTeHI..\~an RBnReTCR 
Jl~Hei1Hb1M. 
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n 

0 
1 
2 
3 

n 

0 
I 
2 
3 

Macchi Bo36YJI(AeHHbiX cocT011HHit p MesoHa Mp [ f3B 1 
AJ111 ,ll;Byx BH,ll;OB flOTeH~HaJia 3anHpaHHH, mq = 0, 

Ta6JIH~a 

a'= 2,4·10-s fgB 4, w = 1, 76.10-2 fgB o/2 

Oc~HJIJIHTopHblit 
JlHHeitHblit 

e = o e = 1 f = 0 

o, 776 0,952 0, 776 
1,089 1,204 0,959 
1,305 1,395 1,074 
1,477 1,553 1 '160 

CneKTP Mace rJIIDOHHH Mq [ fgB) 
Ta6JIH~a 2 

a'= 5,63.10-3 f3B 4, w= 3,0.10-2 fsB 612 

Oc~HJIJIHTopHblit 
JlHHeitHbJit 

f =0 r = 1 f =0 

0,96 1 '18 0,96 
I ,35 1,49 I, 19 
1,61 1, 72 I, 33 
1,83 I, ~l 1.,'+'+ 

3AKJ1104EHHE 

HTaK, a pa6oTe npeAnomeHo penRTHBHCTCKOe o6o6~eHHe oc~Hn
nRTOpHoro noTeH~Hana, KOTOpOe CBOAHT OAHOBpeMeHHOe ypaBHeHHe, 
3anHCaHHOe B HMnynbCHOM npOCTpaHCTBe, K HHTerpO-AH~~epeH~Hanb
HOMY BHAY· B npeHe6pemeHHH HHTerpanbHOH 4aCTb~ nony4eH~ e~pa

meHHR AnR BOnHOB~X ~yHK~HH H ycnOBHe KBaHTOBaHHR. 3TH BOnHo
B~e $YHK~HH MOryT 6~Tb HCnOnb30BaH~ B Ka4eCTBe HyneBO[O npH-
6nHmeHHR npH Y4eTe no TeOpHH B03My~eHHH HHTerpanbHOH 4aCTH 
ypaeHeHHR. HaweH AanbHeHweH ~enbro RBnReTcR npHMeHeHHe nony4eH
H~x peweHHH AnR HccneAOBaHHR CTeneHH~x nonpaeoK K CTPYKTYPH~M 
~YHK~HRM 4aCTH~ a KXA. 

AeTop~ npH3HaTenbH~ B.H.CaepHHy, A.~.JlHHKeBH4Y, B.H.Kan
wa~, B.B.CaHaA3e 3a o6cymAeHHR. 
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HsnaTen bCKIIH OTUen 06bellHHeHHOrO IIH CTIITYTa RllePHbiX Hccnenos aHHM 

Kyne.oa C.n., CMAOPD• A.B., CKa~Koa H.6. P2-82-7 
CneKTp MaCC Me30HOa, COCTaaneHHWX M3 nerKMit oapKOa 

0PMMeHMTen~Ho K penRTMaMCTCKOMY OAHOapeMeHHOMY A•Yx~aCTM~Y ypaa
HeHM~ npe~eHO penRTMaMCTCKoe ~HHe OOTeH~Hana aanMpaHHR OC~MAnRTOp
HOrO THna, AQnyCKaiOIIIee TO~Hoe J)eWeHMe ypaaHeHMJI. 0npeAeneHW aonHOIIWe tyHK
~MM M MaCC:0..-1 cneKTP Me3oHOa AnR CKanJip ... x KaapKoa. MccneAYeTCJI npeAen 
Hynee~ MaCCW KaapKa KaK AnA nMHe~HOrO, TaK M AnA OC~MnnRTOpHOrO noTeH~Ma
noe. PacC~MTaHW CneKTpw Mace p-Me30Ha M rnDOHMJI, KOT~ pacCMaTPMaaeTCR 
K8K KeapKOHMM, COCTO~M M3 6e3M8CC:OeloiX Ke8PKOe, 

Pa6oTa ewnonHeHa • na6opaTOPMM TeopeTM~CK~ tMaHKM OM~M. 

Coo&te- OC5MNttteHHOr0 HHCTMT)'Ta J!AePHWX KCc.I18A(Ia8HMM , ~Ha 1982 

Kuleshov S.P., Sldorov A.V., Skachkov N.B. P2-82-7 
Mass Spectrum of Hesons Composed of Light Quarks 

Concerning a relativistic Instantaneous two-particle equation a re
lativistic generalization of oscillator potential Is suggested. Wave func
tions and meson mass spectrum In the case of scalar quarks are determined. 
A limit of zero quark mass Is considered. Mass spectrum of p-mesons and 
gluonlum are obtained. 

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