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Eoronio6oB IT.H. P2-6181 

TOKI! COCTaBHh!X '13CTIIU 

PacCMOTpeHbl MaTp!!'IHbie aneMeHTbl TOKOB B paMKax ·pemlTl!B!!CTCKOil 

KBapKOBDil Monenu. Ha l!X DCHOBe l!CfnenoBaHbl pacrranhl Tl!IIa B ➔ B, + y • 

B ➔ B '+ rr , .M ➔ M '+ rr 

Coo6~eHKI 06~eAKHeHHOro KHCTKTYTB IA8PHYX HCCAeAOBBHHA 

~&la, 1971 

Bogolubov P.N. P2-6181 

Composite Particle Currents 

Current matrix elements are considered in 
the framework of the relativistic quark model. The decays 
of the type 8 ➔ B '+ y , B ➔ B'+" , M ➔ M ➔ + rr ••• are studied 
on their basis. 

Communleatlon1 of the Joint ln1tltate for Nuclear Re ■earch. 

D-alma. 1971 

Cy~eCTBynmaH TerrepL T8H}.J;8HUHH paccMaTpHB8TL a11e11eBTapHI:le 

qacTHrn,t K8K C1101tlIH8 o6paaOB8HRH C BHyTpeHHHlm CTerreHHIIH CB0-

60,1J;H H8X0.1tHT IIIHPOKOe rrpHK8H8HH8 He T011LKO B CHCT8K8TH38UHH, 

HOH B rrocTpoeHHH ltHH8JmKH aneKeHTapHHX qacTHU H rrpHBOltHT 

K orrpe;1J;e11eHHHII ycrrexaM. PeqL H}.J;eT 06 H3B8CTHHX KB8PKOBHX, 

rrapTOHHOR H }.J;porrxeTHott,MO}.J;e11HX. TaK, Harrpn11ep, B He}.J;aBHeff 

paCioTe 1eRHMaHa, Knc11HHxepa H PaBH}.J;a~a/I/ 6wia rro;ayqeHa ce

pna pe3Y1ILT8TOB, OTHOCHmHXCR K TeopeTHqecxouy paoqeTy D!HpHH 

pacna}.J;OB THna /3 -B'r 71-' 8-81+1(/ g_,g'+-d/ J-l-,H!.t-11 ... 

Ha OOHOBe pacCKOTpeHHH 118TpHqHHX 3118118HTOB COOTB8TOTBYDDUIX 

'l'OKOB B pe11aTHBl'IOTCKotr 
1

KBapK0Boff 110;1J;e11H o ocUHJIJIJITOpHIDl uex

}.J;1KB8PKOBHII B38l'IMO}.J;ettcTBHell. 9TH peay11LT8TH, yqHTliB8H npn611H-

llt8HHHR, oueHOqHHR xapaKTep MO~e11H, MO~HO CqHTaTL Y'AOBJI8TBOPH

T811LHHJ.ffl. OHH no,ryqeHH ueHott rrpnueHeHHH B BHqHC118HHHX Tpex na

paMeTpoB, BB8'A8HHl,IX Ha OCHOBe rro,rysMnHpHqecKHX cooCipallteHHR. 

B H8CTOHme« pa6oTe Mil ll0K8llt811 B08MOJ!tHOO'l'L no,ryqeBHH 

OXO}.J;HHX pesynLT8TOB 6ea HCIT011L30B8HHH YK888HHHX napa11eTpoB. 

Ilpex~e Boero HYZHO saueTH'l'L, qTQ pe1IHTHBHOTCKHe KB8pKo

BHe MO}.J;811H, IlO'A06HHe HCil011L80B8HHOtt B pa6oTe/I/, }.J;8BHO pac

cuaTpHB811HCL, B uaoroqnc11eHHHX pa6oTaxl2/. Baimettmyn ponL B 

npo611eue orrpe}.J;e1IeHHR H H8XOllt}.J;eHHH 110K811LHHX TOKOB OBH38HHHX 

OOCTOHHHR curpano llOHHTHe ~HH8WfqeoKHX MOll8HTOB 110K811LBLIX 

TOKOB COCT8BHliX qacTHU B KB8HTOBOR TeopHH Il011H, BB8}.J;8HHoe 
/3/ 

C IlOMOmLro KB83HilOT8HUH811LHOrO MeTO}.J;a B pa6oTe H.H.Eoronn6o-

Ba, B.A.MaTBeeBa H A.H.TaBXeJIH~se/4/. 

0cno11L8YH H}.J;eH pa60T/2, 4~ pacCKOTPHII P811HTHBHC~CKH ■B~ 
BapHaHTifYD KB8PKOByn KO}.J;811L 6apHOHOB Ha OCHOBe ypaBH8HHH 
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BH.1l8 

l t, ;,,' r u i,,, -,J,,, -,,,: <X, -,,,vJ y,,,,,,,,r•tri 

3.ztec:& f,- - HMTIYJI:&CH KBapKa C HOMepo11 J • 

,J • J 
/, -[(/ -
.I - t:T"'"' ;Ix 

-',"' 
/ J = /,2,.3 ()(: rJ,, /,2,.1. 

YpaBH8HHe (I) W 6y}leM paccMaTpHBSTI, B -p;yxe HCCJI8.1{0B8HHff, 

npoBe.zteHHHX B pa6oTaxl2, 5/. B cooTBeTcTBHH c aTHY, .ztJIH Bu-. 
.zteJieHHH KOOp.ztHHaT ueHTpa THZ8CTH H OTHOCHTeJILHOro .1lBHZ8HHH, 

C.1leJiae11 saueHH nepeueHHmc: 
3 

x. =.>1-rJ Lf =o 
..J ..J I _/=1 J 

f,=ff lf J - _r, r. IL-, l /I r, 0 
, .t. - - v6 {/ -r v z <:: I .J = -v71- vi 2 

" -:i J ,.., . 
p - t -" JtJ =- ( ·I/ _r; ?- - t · _v ( 2 ) 

Id - rlo1. 'Jx., 1 
(<>( 17,,,., J,Y,,. ' ?"' - 1:t_"' 'Jz?"'- • 

YpaBH8HHe (I) B nepeMeHH!iX (2) IlPHHHMSeT BH.1{ 

jHl 2. 2. ·v: ,2 ( T r 'Z +- / +- c/Lrt7JJ Yty1.2J == o. 

(3) 

qT06H Hs6eJKaTI, TPY.ztHOCTeff, CBH88HHUX C HH.zte~HHHTHOCTLn 

JIOpeHUOBCKOtt ll8TPHKH, C}leJiaeM H3B0CTHHtt BHKOBCKHA IlOBOPOT: 

~ .:: l j,, 1 -2.- ;: C 2y 

' 
r}le ;/,,, 

1 
2y - B8!!t8CTB8HHHe rrepeM8HHHe ,H COOTBeTC'l'BYlllltHII 

06paso11 orrpe}leJIHM Hopuy. 

4 

qTo6u nocTpOHT:& BHpazeHHe, uanpHwep, aJieKTpouarHHTHoro 

TqKa, npe,1lcTaBH11 f!/ B BH.zte !/ = ( l 13/' H BBe.zte11 aJieKTpo-

11arHHTHoe noJie, xapaKTepHsyeuoe B8KTOP-IlOT8HUH8JIOM 7{(~). 
ITpOHSBe.ztell B ypaBH8HHH (3) 38M8Hy 

I': - JJ: - e(A )~rx,J 
✓ ✓ ✓ ✓· (4) 

Tor.zta ypaBH8HHe (3) 6y.zteT HMeT:& BH.zt 

{/1..,..Jcp 2 r ;r 2 -t Vty 2 +2i1)-flee};v-=o,, 

...l... " ·?/ '7/ . ,'\ Jlet = 3 e ?;; Q(,4z)( ~ ~(Xt}{t r ,(,{ U'l)/z 1 )
1 

(5) 

;f =,?-~,,~,vi,,.,. 
BSHB OTCD.1{8 uaTpHllHHtt aJieMeHT ;l!JIH rrepexo;zia ~ ·- ~: J 

;l!JIH 3JI8KTpouarHHTHOro TOK8 IlOJIY~HM 

J: = 1:, e.'CKf,)Q(A:).1~, 11 (P; P)
1 

·2 ,., (6) 

r;zie i (~'}))- TOK 
111 

'2-KBapKa: 

/4,v (/'; JJj = /2 1 
r/4,v +- {i,.- Jf , 

}J;JIH T8KHX TOKOB ~opuyna .ztJIH mHpHH pacna}lOB rrpe;zicTaBJIH

eTCH B BH.1l8 
. ? J) 2; I.' . 2. Jn_ r = - ~ e < c.p c J </> >/ -

&'11H2 
't71 - .. • 

(7) 

8'ra ~opuyna crrpaBe.ztJIHBa H .1lJIH .1lPYrHx npoueccoB pacrra;zia 

6apHoHa 8 · Ha .1lBe t1acTHUH;HeoOxo,11;HMO JIHWL rro;zicTa-

BHT:& B (7) BMecTo aJieKTPOMarHHTHoro cooTBeTcTBYDll\Htt uaTpHtI~ 

HUit 8JI8M8HT. 
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TaKHe BNpaxeHHR ~JIR TOKOB paccuaTpHBaJIHCD B pa6oTax12, 61, 

r~e 6Hn YK838H PR~ B8lltHNX CJI8~CTBHtt H3 HHX. O~HaKO Tau xe 

6Hmi 06HapyxeHli H cy~eCTBeHHHe TPY~HOCTH TaKoro paccuoTpe

HHR. YKa3aHHlie BliP8llC8HHR ~JIR TOKOB, Hanpnuep, npHBO~HT K 

HenpaBHJIDHOMY OTHOmeHHD 8JI8KTpHqOCKOrO H uarHHTHOro ~opu

W8KTOPOB npoToaa. 

3~ech HYXHO 38U8THTh, qTo ecJIH w 6y~eM paccuaTpHBaTb 

BlipaxeHHR ~JIR TOKOB B MO~eJIH KBa3HHe3aBHCHlfllX KB8PKOB/7/, 

TO Il01IY'ClHII cymecTBeHHO HHYD ~~opuy TOKOB, a HlleHHO: 

npe~OJIOllmB, qTo Kax~tt H8 KBapKOB B 6apHOHe H8X0,1UITCH B 

mupOKOtt IlOT8HUH8JIDHOii Hue C Il310CKHII ~HOii, TaK qTQ HX ~aK-

THqecKH IIOl!CHO cqHT8TD CB060~HHIIH, Il01IYtmM ~JIR CilHHOpHOR 

qacTH TOKa BlipaxeHHe 

G = Lrfn, L E 11 r1.pr r~ r(J Pj" dS , 
11 ,,., ((;(,/,_,A) ' (8) 

B TO BpeMR K8K ~]IH TOK8 (6) IIN HKeeu CilHHOPHYD qacTb 

I ~ 
l., = 2 ~ 7,,,./' K_,.. ( f.; [,.. - I/ t) · (9) 

Hcao, qTo B C- KOUITOHeHTli CilHHa BXO~HT B K0116HH8UHRX 

/c G"' H no~traHRIOTCH Tott xe anre6pe, qTo H o6N'IHH8 CilHHOBN8 

118TPHUN (Y • TaKHe Il03188HHe TpaHClf· PMBUHOHHNe CBOttCTBa, 

KaK BH~HO, IlOJIHOCTDD OTCJTCTBYDT B (9). 
BOCIT031D80B8BmHCD T8KHJIPI CBOttCTB8Jm TOKOB B 110~8JIH KBa3H-

He38BHCHlraX KBapKOB, MOXHO COOTBeTCTByn~M o6pa30II H8K8-

HHTD CITHHOByn CTPYKTYPY BeKTOPHHX TOKOB (6). B STOii ciryqae 

HJl!CHO, qTo6u BeJrnqHHH l1. 1to11uyTHpoBaJIH c fo • 9Toro 

uoimo ~ocTHqD, aaueHHB l 2 Ha cnuueTpH30BaHHOe no /c 
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BupaxeHHe. J!]IR Il01IYqeHHR KOBapHaHTHoro BNpaxeHHH B npmrn

B031DHOtt CHCTeMe OTcqeTa 0606~11 STY npone.izypy, CHMM8TPH-

3YR l z c HHBapHaHTou (z ? , ,P =?, ,-~ • flTo6u He Hapy

maTh BeCOB, C KOTOPNMH B BlipaxeHHe TOKa BXO~HT CilHHOBaR H 

op6HT831DHan qacTH, aTott xe onepauv.n no~eprHeu H op6nTaJii

ayn qacTD, TaK, qTo6u cyuuapHNti TOK i-KBapKa BliPBzaJICR c 

nouombn CHMVeTpH30BaHHOro BNpaiteHHR 

fz'?./2 t-./4/t'? 

TaKHU o6pasou, B KaqecTBe HOBOtt ~OPMN B8KTOpHoro TOKa 

KBapKa BN6epe11 

J ( V) = J f{(:l(Jlr/lJ(4,: rf:,J+ '2fJ.lY,i-,-Z,;-.~ 1-J 
1,v (IO) 

TaK K8K B npouecce CH1018TPH38UHH npOH3BO~HJIOCb YllHOXe

HHe Ha pasuepHNe BeJIHtraHH, 8~8Ch BBe~eH HOPMHPOBOtraNtt K0-

8qJq)HUH8HT I{" , KOTOpHtt uoxHo onpeieJIHTD ns YCJIOBHH paBeH

CTBa eiHHHne C8KCOBCKoro ~OPM~8KTOpa ToqeqHoro 6apHOHa: 

- j(Q) 

l{ = .2/Ht-H!Jj"(I<) 

3~ec:r, 

I< -{- (HrH1)
2 -1<_?~ 

j() - t;HH1 .I 
(II) 

PaccKaTpHBSH KaTpHqHHe 8318K8HTN inH pacnaia 6apHOHa 13 

Ha B' H r-FtBaHT, KOllHO y6e,i,;HTMH, qTo Jf8TpnHNtt SJI8K8HT 

~JIH ~oToaJieKTpuqecKoro npouecca, BSHTNfl c nouonu,n CHWeT

PHSOBaHHoro TOKa (IO), paBeH COOTB8TCTByn~eMy 8JI8118HTy, 

7 



BSHTOJIY qepes 06H'llHHtt TOK (6), paa~eJieHHOIIY Ha j; 
( J on~e~eJIHe'l'cH qiopuyJiott (II)) 

i' 1-tefJ .1 . I < J.' •te.t1 cf, < '-1/t°, (£ · ) fP;, ;> =- ji<oJ ":,,, ( c J ') -,,, > 

He'l'py~HO ITOKaaaTL, qTO ~JIH C11Yqaa pacrta~OB M880HOB 6y

~eT '1'0 lite cawoe, TOJILKO BIIBCTO qiaK'l'Opa j 3 6y~e'l' C'l'OH'l'L J 2
• 

B pa6oTe/I/ paccMaTpHBaJIHCL 06H'IIHH8 TOKH THila (6), 

M8TpHqHstt 8JIBK8HT Me'IIJJY COCTOHHHHMB 6apHOHOB npe~ara

JIOCL ~eJIHTL Ha j 3
, a Melt~ COCTOHHHHIIH M880HOB - Ha ,z. 

TaKHU o6paaow, c nouomLm BBe~eHHHX CHUUeTpHSOBaHHllX 

TOKOB UOZHO IT011YqHTL pesyJILT8TH pa60TH/I/. 

Ha OCHOB8HHH aHaJIHSa BBe~eHH!ilX qeTHpexMepH!ilX BHpaze

HHtt ~fi TOKOB UOEHO Il011YqHTL COOTB8TCTBYVl!Ul8 BspallteHHH 

TOKOB 'AJIH TpexuepH!ilX MO'A8JieR. HanpHuep, pacCMOTpeB ypaB

HBHHe THna (5) 6es BpeMeHHHX KOMilOHeHTOB, MOlKHO IlOKaSaTb,qTo 

B TaKon TpexuepHon MOABRH C-OC~HRRHTOPHHM BsaHMOA8llCTBK8M 

B BspaxeHHHX 'AJIH MaTpHqHHX 8JI8M8HTOB TOKOB Il0HBJIH8TCH pe-

llYl!Ultt ql8KTOp 

I (Hz-H/)2..j lo ::: ex,o - 1/ H.z. fl. ., 

8qlqJBKTHBHHtt npH M, <<H. AHaJIOrH'lffiHtt qiaKTOp 

.f { (H
2
-H/f } 

T,=- = exp - 't(H21-H/).D.. 

HCROJIL80B8JICH B pa6o'J.'e/I/_ XOTH OHH H He paBHH, HX OTHO

meHHe npaKTHqecKH 6JIH8KO K 8'AHHH~e, 
. . . . 

fc =°✓ .93 ({s(/68i3/, f =(?.98' (t:,.(/23'))) 
TP Tr 

8 

TO eCTL W MOXeM IT011YqHTL peayJILTaTH, 6JIH8KHe K peayJILTa

TaM pa60TH/l/, Tott xe CTeneHH TOqHOCTH. 

3~ecL Jira paccuoTpeJIH cnoco6 CHMUeTpHaa~HH B0KTOPHl:lX 

TOKOB. TaKHe xe peayJIL'l'8TH MOlltHO IT011YqHTL H ~JIH 8KCH8JIL

HHX TOKOB npH HCCJie~oBaHHH pacna~oB THna B - B '~ 77,; H ➔ M'rll. 
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PyKOTIHCb nocTynHna B H3AaTeRbCKH~ OTA8R 

22 A8KaOpH IY7I roAa. 
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