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1. BBEAEHHE 

B peõor e 111 HaM~ 6btn oaap aõor aa MeTOA O~eHKI.1 BepORTHocTee1 

paAKa~~oHHb~ paCIT~AOB KBapKOH~R B paMKaX penRT~B~CTCKO~ TeOp~~ 

CBR3aHHblX COCTORH~~. B OCHOBe 3TO~' r eopuu nexar A~HaM~4eCKl;1e 

rpexvepaue ypaBHeH~R, nony-re-u-ue B OAHOBpeMeHHO~ <t>OpMyn~pOBKe 

K8aHTOBO~ TeOp~~ nonR nOrYHOBa - TaBXen~A3e/21 K pa3B~TW~ B pa

60Tax/ 3- 51 nOAxoA K on~caHIllIO ynpyr~x ~ ~eynpyr~X <t>OpM<t>aKTOpOB 

~ CTpYKTYPHWX ~YHK~~~ Me30HOB C nOMO~blO penRT~B~CTCK~X BonHOBWX 
epYHKl.{~~. 

B nocnenuee BpeMR paA~al.\~OHHbre nepexonu B l.lapMOHIII~ I.1HTe~C~ BHO 
~CCneAoBan~Cb Ha OCHOBe npaaun CYMM KXA 16- 8'/, OAHaKO, KaK 6bl.nO 

nOKa3aHO B pa60TaX 18/, AnR nOnY4eHl-1R 4~CneHHbIX O~eHOK 3TOT Me

TOA Tpe6yeT np~Bne4eH~R AOnOnH~TenbHO~ ~H<t>OpMa~~~ K ~CnOnb30aa
H~R pRAa cy~eCTBY~~~X npeAnOnO>KeH~~, He COAep>Ka~IIIXCR B paMKaX 
caMO~ cxeau , B paMKax penRT~B~CTCKO~ r ecpua CBR3aHHblX COCTORH~~ 

YAanOcb npocr o ~ HarnRAHO nony-u-r s 6e3MOAenbHblM 06pa30M aepxaue 

o~eHK~ Ha W~p~HW paA~a~~OHHWX paCnaAOB 4apMOH~R, B pRAe CnY4aeB 
ae c u-ra 6n~3r<~e K 3Ha4eH~RM, nOnY4eHHblM Ha OCHOBe np aaun CYMM 
KXA_ 

B HacToR~eM AOKnaAe np~BeAeHw pe3ynbTaTw paC4eTOB BepxH~x 

Ol.{eHOK BepORTHOCTe~ paA~a4~OHHbIX oacnanos Me30HOB, COCTOR~~X ~3 

ne rK~X KBapKOB" 

2. nOCTPOEHIIlE AMnm1TYAbl npOl.lECCA 

PemniltBiltCTCK~e aonaoaue <t>YHK~~1;1 nce anocxanapaoro ~ BeKTopHO
ro COCTORHI;1~ Bw6epeM B B~Ae 

(5) -+ 

(5) .. 5 cPp(k 1 )
 
\li p (k I} = U k Y Vk • --------- , / l/
 

. 1 2 2C\k )
2 

cP (v)( k1)
(V) --+ P


\li p (k 1) Uk 1 r" /11 Vk 2 · 2<Ã-k;) /2/
 

(5) \ 'I) (5) 
r ne \V ,'J! - eonao sue <t>YHK~~~ nce anocxenap a ~ BeKTOpa; cp • 
cP(v) - COOTBeTCTBYIOll\l;1e <t>YHI<l.\~~, He H~cy~~e Cn~HOpHO~ CTpYKTYPbl; 

k ,k -' I1MnYIlbCbl xaapka ~ aHTI1KBapKa; (, - SeKTOp f10r:Rp~3al.\1;11;1
1 2 
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- (1 PI! Pv '" 
COOT;. fl!!;/ = p~ - gP.V; fp. P P. = O; Uk ' Vk - 6HCm1HOpbl ,llHpaKa 

BeTCTBeHHO kaapxa H aHTH xaapxa , It1MnY11bebi KBapKOB H Me30Ha CBFl3a

Hbl YCIlOBHeM KOBapHaHTHoro BblXOAa a a 3HepreTH4eC-KYIO nOBepXHOCTb: 

k 1 + k 2 = 2À{Àk1) 2À( Àk2) • 

'"'2 o ;:2 2 O 1:2--2
rne À = P/Jp • nplJl4eM k = k 1 + rn ; k = y'k; + rn / rnq - Mac

1 q 2 q 

ca KBapKa/ o /3/ 
B011HOBble <PYHK4I-1H /1 t 2/ YAOB11eTBopFlIOT YC110BI-1F1M HOpMl-1pOBKI-1 ': 

3-. 
d kf _.--:~~_. (5) -+ 2 • /3/


(217)32kO Ic/JP(5) (k ) I . 2 <'À(5) k 1) = M(5)'

1 . 

3-+ 2 2
 
d k 1 (v) -+ 2 2 L\v)' k 1) +mt} 3
 

f---~ 'ic/Jp (k)l· --------- = - M •

(217)32k~ (v) 2(À(v) .k ) 4 (v) /4/t

rAe M(5) H M(v) - MaCCbl nceBAOCKa11Flp-a H aekr opa , 

B nepBOM nopFlAKe TeopHH B03My~eH~~ no 311eKTpOMarHHTHO~ KOH

CT3HTe aMnl1l-1TYAa paAHa4HOHHoro nepexoAa H3 BeKTopHoro COCTOFlHHR 

B rtce anocxanapuoe HMeeT BHA /1/ 

3-+ 3-+
 
d k d k'
 

1 1
T = f-·--- ------ iQv'417 

["-+0-Y ( 2 17 )3 2 k o . (217)32kí o 
1 

(5) -+ -"'
 
x 'li P(5)( kD . {U ;y Uk " (217)3. 2 kO . õ(3{ k - k') 

kJ 1 2 2 2 /5/ 

_ '" 3 o (3) -+, -+ . (v) -~
 
- V ' f . ( 2 17) • 2 k 1 . Õ ( k. k 1H 'liP ( k 1) •
 y Vk 1 

k 2 2 (v) 

rAe (y - BeKTOp nonapua auua ooroua , Q - 3apFlA xaapka , 3TO aapa

~eHHe H1111lOcTpHpyeTcFI C11eAYIO~e~ AHarpaMMO~~ 

t 
/~Q 

~15)p(v) p(S'I Pc'!lt '. 'õ 
+ 

'V(V) k 2 \f/(~ "\f(V> k, ~;) 
.... 

nOACTaB11FlFl cnauopuae CTpyKTYPbl BOI1HOBbIX lPYHK4H~ /1,2/, CYMMHPYFl 

no n0J1F1pH3all,HFlM KBapKOB H BbI4HC11FlFl wnyp t npHxOAHM K C11eAYlOt.4eMY 

Bblpa~eHI.1IO: 

2 

T1-:' 0Y= i-8y'4;. Q.mq . ffWa,8 .;;.(V.~À~5)\~} f(\5)''\v) i. /6/ 

rne (llvaf3 - nOIlHOCTblO aHTHCHMMeTpH 4Hbl~ TeH30p, 

3-+ 
d k (v ) -. ( 5)* (-+ _ 

f(À(5\·À(.)) = f-o-:---0 . c/Jp (k). c/Jp ,k). /7/
J v (2'í7)3.2k (v) (5) 

On~C~BaeM~~ MeTOA 04eHKH WHPHH pacnaAO~ OCHQBaH Ha ~~4HC11e

HI-1H aepxaeã rpaHH4bl- «aaapa r a MOAY11R' f, exonsuue ro B lPOPMY11Y Allfl. 
WMpl1Hbl-o 

, J. BEP)(HRR OUEHKA W~PHHbl IlEPEXElAA 1 - ... O Y 

2 
AnFl 04eHK~ IfJ Bocnonb3yeMcFI HepaBeHCTBOM KOWH-6YHRKOBCKoro 

AJlFl HHTerpa110B, paCCMaTpl1-BaeMblX KaK cxanapaue npO~3-BeAeHHFI B 

rrpOCTpaHCTBe K~aApaTH4HO-HHTerp~pyeMblx<P-Y H-Kt4 HH: 

3-+ 3-+ 
d k (5-)* -. (v)... 2 d k '5 \ -+ 2 

lj--,-- cp (k)c/J (k)1 < f--- íc/J~, r(k)1 x 
(217)3. 2 kO P(5) p,V) (217)3.2kO· P(5) 

/8/
3--+

d k (v), .... 2
 
x f---- lc/J (k)~.
 

\21713.2kO p(v)

Wl;f-pvtHa AaHHoro npouecca AaeTCR vt3BeCTHblM Bblpa~eHHeM 

p 1 1
11~O- =-_. --. fd4 p fd 4 O OY 2 M ) ( 21l )6 (5f q • ([( P(5) ). (I (q ).
 

tV
 
í9/ 

2 2 2 4 '" . [2
xS(P(5-}-M(5y}·S(q ).(2u} . ()(p(v)-P(5}-q)· r T1-:.. O- y • 

rne q = (p(\[J - P(5}} - AMnY11b-C$OTDHa.. lfepTa HaA IT I2 
03Ka4a

e r ycpeAHeH~-e no Ha4aI1bHblM l't C'yMMl1pOBaHHe no KOHe4HbfM nonspaaa

lfI1RM. I4cnonb3YR YC11~Bk1R HOPMHPOBKj;f /3 ",4/ H HepaBeHcTBO /8/, no· 
I1jl4aeM 

Mev) . M(5).

If 0'(5)' \V) TI 2 2 /10/'2 
4m q 

OTC~Aa HMee~ o~eHKY 

---r2 12817 2 2
 

I ~t-':' 0-/ ~ --3- .: M(v)- M(5)' Q H·\V)· Á (fr») - I] . /11/
 

·3 



nOACTasnRR nony~eHHY~ OijeHKY B ~opMyny /9/, HaXOA~M sepXH~~ 
rpaHI-1~Y WI-1P~Hbl 

. )2] 3 
'[ 1 - (M(5) / M(v)- 2a 2 M _
 

lC-+Q-y=T·eq' {5}-(M~~/.M(V»)2 /121
 

rAe e q - -6e3pa3MepHbl~ 3apRA KBapKa, a - nOCTORHHl1rl TOHKdlll CTPYK
rypa , . ' . 

He~TpaI1I)Hble Me30HbJ,. COCTOR4-l~e ~3 ner xax KBapKOB, on~C~BéfeM 
. BonHOBO~ $YHKt\He~ cynepn03~4~~ CBR3aHHblX COCTORH~~ UU ~ dd • 

'I'aõrnnta 

illHpHHa ,pacrraga /K3B)p ~HaI.J;HOHHbIH: rrepexon 

3KcrrepHMeHTaIThHOe BepXH5I5I 
3HaqeHMe Orr;eHKa 

-
/770/ --+ TT /135/ 70,8 ± 7,7 539? 

--+TJ /549/	 BHp;eH 155 

Ú.l /783/	 -+TT /-135/ g60 ±50 5040 
--+17 /549/ BHp;eH 19,8 

TJ ;"958/	 --+p /7]-0/ 87 ±20 68,2 
--+w /783/ 8,1'2± 2,45 5,3 

TT/1240/	 --+p /770/ 62,6 
. --+w /783), 519 , . 

P /12501	 --+TT /135/ '151 o 
--+1) /~49/. -t820 
--+:q J95E/ 139 

p /160fJ/ --+TT /135/ 2503 
--+TJ /54"9/ 3897 

, 1 35BO,-"TJ' /9581' 
:-'i ' ~ 

--+TT ! l240 / 17,& 

TT /17l0 / -"'p / 77oI	 293 
--'.ú) /783/ 281 
--+ p] -I 250./ :42,7 
-'VI / 16001 I; 62 

J/'l' ! 3D9 71 -~ 7l~ /2-981/ ü,7f>± O,~2 2,83 
7Jc ,(3592/ --+J/'V/l097/ "'; 152 
'li /36861--H.l:c 1298i) -o,93± -0,45 4QO 

--+1)c /359-21 0.,52± 3,.06 ~ , OI 

CI>1MBOnI44e.cK~ M-3Cn~HOBBle sonuoaue et>YHK4i1l1Í I>1MelOT BII1A 

u~ + dd uü - -q'd 
'PW ;1) - ~2----; lJITT;p - '-~2 -. . 1-131 

PaCCMaTp~BaR nepexozia , He conpo aoxnéoumeca 113MeHeH~eM apoaar a , 

nonY4~M AononH~TenbHbr~ $ãKTOp a $op-My.ne 112/', p~.Bl-ibi~ 9/16 11/161 

!
" 

B cny-iae Pp3HblX IcoBnaAa~14111xl ~30cn~HOBbIX: BonHOBblX, !I>.yH1<~(.>I~,. na
4aIl bHoro ~ 1<OHe~HOro COCTO"RH~~, nonaraReq = 2/3 B 1121 He~3::' 
MeHH~M. • 

13 r aõnaue COAep>KaTCfl peayn s r arsl BbI4Y1Cnel;l~~ no CllO'pMyn€ 1121 
~ 

AJ1R p acnanoa Me30HoB, COCTOR14~X 1'1~ ner'xax ~ 4apMo-BblX KBapKOB o 

t1eo6x-oA~MO 3aMeT~:rb, 4TO npouecc 0- --.l-y TaK>Ke onucuaaer ca 

3TO~ epopMyno~, B KOTO-PO~ nenecr aaneuu MaCCbl eexropaor-o ~ 'riceBAo

cxanapuor-o .cocToaH~~» 3aMeTI-1M T.aK>Ke, 4TO Mbl np eaefipe rna 3ll,eCb 

np~MeCb~ CTpaHH~X KBapKOB. 

Bonaoaaa $YHK4~R 4a~MOH~fl cc He ,~Me~T ~30cn~HoBo~ CTPYKTYPbl, 

fl031'OMY B 1121 He HY>KHQ BBOA~Tb AononH~TenbH~IX $aKTo{>oB, T. e o 

e-q = Bc = 2/30 

4", 3AKIl104EHIt1E 

B HaCTOR14~~ pa60Te on~caH npocTo~ MeTOA nonY4eH~fl Be-pXH~X 

04eHOK ,qnR W~p~H paA~a4l'1.oHHI:)IX p acnanos KBapKOHj.1R B p axxax pe

flRTI4B~CT'CKO~ TeOp~1-1 C~R3aHHbIX COCT.oRH~~, c nOM014blO «oropor-o 
YAaeTCR ~36e>KaTi~ BBeAeH~.R .4>eHoMeHOnOr~'4eCl<HX KOHCTaHr', IIIcnonb

3QBa.H~R KaKoi1-nY160 KOHKpeTHo~ MOAen~ B3a~MoAel:1cTB~R KBapKOB 

~ peweH~R COOTseTCTBYlO14erO AVlHaM~4eCKoro y.paBHeH~R' ,qflfl 'peflRT~

Bj.1CTCKO!:1 eonuo eoã <t'YHKQ~~ o KaK B~AHO ~3 Ta6n~4, nonyveuuae 

BepXHHe 04eHK14 He nnoraaopevar 3KCflepl1MeHTaJJbHblM AaHHbIM, 0AHa

KO B pRAe cnY4aeB OH~ OKa3~B~~TCR 4epeC4YP 3aB~weHH~M~. fiocne,q

:Hee, -nO--8~,QlIIMOMY, MO}KeT 6blTb YCTpaHeHO npl1 Y4eTe AeTanbHblX 

CBO~CTB B3 aI-1MO~e~CTS~R KsapKOB, B -l.IaCTHOCT~ 3 aB~ C~MOCT~ xaas-r
noreuuaana Oi 3Hepr~~, a TaK>Ke nYTeM RBHoro BbI4~cneH~R ~Hl'er~a

na 17/ c KOHl<pe:rHbIM~ BonHOBbIM~ -<t>YHK4~RM~ cp (v) (k) ~ cp (5) Ck)_, 
p(v). P(5) 

on~CbtBà~ll\~M~ cne xr pu Macc paA~aJ'lbHblX B036Y>KAeH~~ nerK~X 'Me30HOB 
I CM... nonooõnee /1/ / __ 
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.t 
~~:S:~ I :s: :s: npHHHHaeTC~ nOAnHCKa Ha npenpHHT~ H coo6~eHHR 06.eAHHeKHoro HHCTHTYTa 

.~ ::c :z::: RAepH~X HccneAOBaHH~. ,
 
I 

O.) etS
 YCTaHOBneHa cneAy~aR CTOHMOCTb nOAnHCKH Ha 12 MeCR~eB Ha M3AaHHR OH~M,
::T t:Q BKnm~aR nepeC~/lKY, no oTAenbHwM TeMaTH4eCKHM KaTerop~RM:

J >-:aO 
~t::t: 

HH.llEKC	 TEHATHKA UeHa noAnMcKHO	 ~ 
Ha rOLt::	 ~ 

1. 3KcnepHMeHTanbHaR~H3HKa BWCOKHX 3HeprHH 10 1>. 80 xon ,CJJ	 O
O	 - !i'	 2. TeopeTH4ecK~R ~H3HKa B~COKHX 3HeprMH 17 e., 80 xon ,X :s::I) :a X 3. 3KcnepHMeHTanbHaR HeHTpoHHaR ~H3HKa lf p , 8{) xon , 

~	 :ti ~. TeopeTH4ecKaR ~H3Hxa HH3KHX 3HeprH~ 8 p. 80 Kon. 
~	 ::c - ·l ~o.. 5. HaTeMaTHKa	 4 "p~ "80 xon , 
04)	 - 
O t:4: 6. HAepHaR cneKTpOCKonHR H paAHOXHMHR 4 P. 80 Kon. 
0.)0; - 

7. 4lH3HKa TAlIleBolX HOHoa	 2 p. 85 Kon. 

áf~	 - 
t 8.	 KpHoreHHKa a p , -85 xon , 8 E-'t
 
1 ::r:::~
 

9. YCKOPMTenH	 7 o , 8{) xon ,:s=	 E-41 etS	 :s: 
I 10.	 ABTOMaTH3allHR 06pa60TKH .3KCnepHHeHTaIlbHWX('j8

t.) Aa~HWX	 7 p. 80 Kon. 
í .. ::c	 -- 

11. BW4HCnHTenbHaR MaTeMaTHKa M TeX~HKa 6 p. 80 Kon.::f:S: 
, ~	 - :s: 12. XH~R	 p. 70 Kon.c=;	 O 
1 t-e 

13.	 TeXHHKa ~H3H4eCKoro ~KcnepHMeHTa 8 p. 80 Kon.:s:	 O 
.::C 

1~. MccneAOBaHHA TsepAwx Ten H lIlHAKOCTeH:lS:::C RAepHWHH MeTOAaHH	 1 p. 70 xon ,:s:	 O.)
:::r:t:: 15. 3KcnepHMeHTanb~aR ~H3HKa ~AepHWX peaK~HHro	 :s: npH	 HH3KHX 3HeprH~X c . 50 xon ,("')t:4:
:s:	 O.) 16. Ao3MHeTPHR H ~H3HKa 3a~HT~	 P. 90 Kon.::c	 toC - 
etS\O 17. TeopMR KOKAeHCHpoBa~Horo COCTORHHA 6 p. 80 Kon. 
~O	 - 

\ ~ 18..	 Mcnanb30aaHHe pe3ynbTaToB H HeTOAOB
 
~YHAaHeHTanb~WX ~3H4eCKHX MccneAoaaHHH 2 p. 35 Kon.
0= • CMelllHWX 06nacTRx HaYKH H TeXHHKH,I Qã	 --

19. 6HO$M3HKa	 1 p • 20 xon ,:s:	 Cd!f ::c	 ~ p ('tS:S: nOAnHCKa MO*eT 6wT~ ~opMneHa c nD6oro MeCR~a TeK~er~ rOAa. 

~J=;:,..	 no aceM BonpoCdM O$opHneHH~ nOAnHCKH cneAyeT 06p~aTbcA B H3AaTenbcKHH :s:\O OTAen OHHH no aApecy: 101000 MocKBa, fnaano4TaHnT. n/A 79.~j :t:~mt:: .
PYKÓOJ,fCb nOCTYf1r.1JT3 B ~3Aa-T~l1bC~~.:1. oraen 

~ 

2() Mélpl'a 1986- F"OAà .. 
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TEMATMqECKME KATErOPMM llYBnMKAUHA 

OBoE~MHEHHOrO MHCTMTYTA ~EPHYX 

MCCJIE~OBAHMA 

MHAeKc TeMaTHKa 

1. 3KCnepHMeHTanbHaR ~H3HKa B~COKHX 3HeprH~ 

2. TeopeTH4ecKaR ~H3HKa e~cOKHX 3HeprH~ 

3. 3KCnepHMeHTanbHaR He~TpOHHaR ~H3HKa 

4. TeopeTH4ecKaR ~H3HKa HH3KHX 3HeprH~ 

s. MareMaTHKa 

6. RAepHaR cneKTpocKOnHR H paAHOXHMHR 

7. ~H3HKa TR*en~X HOHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

10. AeroMaTH3a~HR o6pa6oTKH 3KcnepHMeHranbH~x 
AaHH~x 

11. B~4HCnHrenbHaR MaTeMaTHKa H rexHHKa 

12. XHMHR 

13. TeXHHKa ~H3H4ecKoro 3KcnepHMeHra 

14. HccneAOBaHHR reepA~X ren H *HAKOcreH 
RAepH~MH MeTOAaMH 

15. 3KcnepHMeHranbHaR ~H3HKa RAePH~x peaK~HH 
npH HH3KHX 3HeprHRX 

16. Ao3HMeTpHR H ~H3HKa aa~HT~ 

17. TeOpHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. HcnonbaoeaHHe peaynbraros H MeTOAOB 
~YHAaMeHTanbH~X ~H3H4eCKHX HCCneAOBaHHH 
B CMe*H~X o6naCTRX HayKH H TeXHHKH 

19. bH~H3HKa 

CaapMH B. H., CKa4KOa H.6., WM4aHMH C.A. P2-86-167 
BepxHMe o~eHKM aepoATHOCTe~ paAMa~MOHH~x pacnaAoa KaapKOHHA 
a penATHaMCTCKO~ TeOpHM CaA3aHHWX COCTOAHM~ 

Ha OCHOae TpeXMepHOrO Kaa3HnOTeH~HanbHOrO nOAXOAa K npo6neMe penATH
aHCT~KOrO OnHCaHHA CaA3aHHWX COCTOAHH~ awaeAeHW $OpMynw, awpa*a~He WHPHHW 
paAHa~MOHH~X pacnaAOa Me30HOa 4epe3 penATHBHCTCKHe aOnHOa~e ~YHK~HH CBA3aH 
H~X COCTOAHH~ ABYX KaapKOa, C OOM~bl~ ycnOBH~ HOPMHpOBKH AnA aonHOaWX $y~
K~H~ M COOTHOWeHHA KowH-6yHAKOaCKOrO (6e3 HCnonb30BaHHA K8KMX-nHfiO KOH
KpeTH~X npeAnOnO*eHH~ 0 BHAe Kaa3HOOTeH~Hana a3aHMOAe~CTaHA KaapKOa H ~op
Me aonHoawx ~YHK~H~) AnA ~enoro PAAa H3aeCTHWX aeKTOpH~X M nceaAOCKanApH~X 
Me30HOa nony4eH~ aepxHHe O~eHKM WHPMH paAHa~HOHHWX pacnaAOa (V ~ ~p H 
p ~ ~V), 6onbWaA 4aCTb KOTOPWX npeACTaanAeT C060~ npeACKa3aHHe TeopHH. 

Pa6ora ewnonHeHa a fla6oparopHH reopeTH4eCKO~ $M3HKH OHRH. 

Coo6weHHe 061.e.luoleHHoro HHCTIIT)'T& JlllepHhiX HccnenoaaHHi . .Ily6Ha 1986 
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Savrin V.I., Skachkov N.B., Shlchanin S.A. P2-86-167 
The Upper limits for Quarkonlum Radiative Oecay Probabll I ties 
in the Relativistic Theory of Bound States 

On the basis of three-dimensional quaslpotentlal approach to the pro
blem of relativistic description of bound states formulae are derived that 
express the width of radiative decay of vector and pseudoscalar mesons 
through the relativistic wave functions of bound states of two quarks. 
With the use of the normalization conditions for the wave functions and 
Cauchy-Bunyakovsky relation (without any assumptions about the form of the 
quaslpotential of quark Interaction and the form of the wave functions) 
for a set of known vector and pseudoscalar mesons the upper l lmits for 
radiative-decay widths (V + ~p and P ~ ~V) are found most of which turn 
o·ut to be predictions of the theory. 

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