





a1 Introdvueti'on : o

'Heevy quarkonium physics'stays e. g the pfohlem of non- leptonie decays of mesons. -

. This includes the description of gg-bound states and the evaluation of decay rates.. In

~ papers [1}- [5] the bilocal meson theory was constlucted including the nomela.txv1st1c
-, nonlocal description of heavy quarkonia and the chiral Lagrangla.n for llght mesons in

*_ the bilocal limit [3]- [5]. In paper [5] we discussed the descrlptxon of mesonic onbltal o

excitation in the bilocal theory.
- This paper is devoted to the calculatlon of meson deca.y constants and of a.mplltudes
‘ of non-leptonic decays of D and B mesons

2; Relativistic bound startes in‘QCD

; In this section we sh01tly 1epeat some statements concemmg the constluctmn of
" relativistic bound states in QCD Bound states played a fundamental role in the devcl
opment of quantum theory. The descrxptlon of the a.tomlc spectrum by E. Sclnodmgel
 signified the formation of quantum mechanics as a consistent theory, and the descrip-
- tion of the Lamb shift of spectral lmes by H. Bethe sta.rted the creatlon of QED and
” 'quantum field theory. v
. ".""To'get some insight into the description of relativistic bound states in gauge theoxy, ‘
let us 'first cons1der ‘the well- known example of an atom in'its rest frame (wnth the -
" momentum P/ = (MA,O 0,0). In lowest order w1th respect to 1a.d|a.t1ve corxectlons i
‘ '«the atom spectrum is descnbed by the actlon ' ,

W= / d"m/’(z )(if — m°)(z) + / d“a:d"yll)(y)ll)(a:)l(:(a:,y w(r)¢(y) . (1) "
iwhere IC is the Coulomb kernel : SIS P

(’70) Vo(2z) - (’70) 5(3?0)

2y =Ty = Yy is the rela.tlve space-tlme Now the questlon arises how to descube a_‘
moving atom. The wave function of a relativistic atom is constructed by’ the usua.l ,
boost operatlon :

Hey) — ¢(1 y) = e "x(zl) 6(2 n)
(x+y)

Ty = zu—n,,(ztn) X, =

where P, is the total momentum 'P = (\/'P2 + M3, P ;é 0) MA r)“ Al
. -.This relatxvustxc atom bxlocal ﬁeld is descrlbed by action (1) with - the movmg
Coulomb kernel S NP e . Y

/C(z DEKCR =F WD e @

Thls means that we choose ' the new 1adlatlve gauge depending on the axbltlaly unit’

time- like vector 7" (that one’calls the ‘time:'axis of quantization) and this vector has

been chosen parallel to the total momentum of atoms (n’ ~ P’).
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It is easy to see that the bilocal field (2) satisfies the Yukawa condition [6] -

:

aggAe=o.

whxch means that the bilocal field is an 1rreduc1ble 1epresentat10n of the Lorentz gloup

(x e. it has the mass P? = M} and spin).”

‘" As-a result, we obtain the action (L)with the kernel (3) where the trme— axis Ul ‘S; ‘

the tunit eigenvector of the bound state total momentum operator f

T e ~

These prescriptions lead to a new relativistic potential model [l] [5] WlllCll unifies _)

 the potential model for the heavy- quarkouia spectroscopy and the bilocal gcne\ah/a-
tion of the chiral Lagrangian for light quarkonia. 1t is important to underline that the

1nstanta.neous bound state phyS1cs (4 not, only depends on the gauge but this depcn-,
dence is necessaly for the relat1V1st1c covariance of physical observables (1n pmt;cul’u, ,

the mass spectrum) In this case, the potentla.l model (1),(3) becomes the 1elat1V1stlc
one [1]... N

“Just’ th1s rec1pe should be taken mto account for ha.dron descrlptron As we, have :

seen, the relativistic covarlant formulation of instantaneous 1nte1act10n is the mam

mgredlent to descrrbe bound states Now the questron arises: "How' to get tlns picture.
in the ﬁeld theory of mteractlng quarks and gluons. The answer was found by the
quantlzatlon procedure of the gauge theory which includes the. exp11c1t solutlon of the

classical equation for the time- component of gauge field Ao = (n-A (we called this
k -’quantrza.tron the "minimal approach” [7}). : ey

‘In this ‘minimal quantlzatlon of QCD the gluon exchange 1nteract10n “between
quarks is naturally divided into two parts: the instantaneous and.the retardation
~contributions. If we define any hadron bound state by formulae (2), and (4) as an
. irreducible nonlocal representation of the Poincaré group, it.is éasy to understand that
_ the covariant instantaneous gluon interaction ~ 6(3 - z) at the point of existence of

- bound states 7 #z'=.0is greater-than:the 1ema1n1ng retarded part of this interaction in-
QCD: This minimal approach allows orie to formulate the hadron perturbation theory:

{1], the lowest order of which is the new relativistic potential model.” O tlie récent
~ level of QCD we can choose the quark- anthuark potentlal in the form of the sum ol
the rising and Coulomb ones.

The criterion of the. valldlty of our apploach is the description of the light meson
physics (spectroscopy and decay constants) in terms of the parameter of the rising
potential defined from the quarkonium 'spectroscopy.

The lnsta.ntaneous s1ngular1t1es formlng the bound states, cannot be reploduced“

by ‘a‘relativistic gauge where all gauge field propagators have' smgulautres only on the

light cone. All modern QCD approaches, including the lattice calculatidus; do" ot

take into account these pecullarltles of the problem of bound states. Finally, we note
that in the minimal schéme of quantization it can be shown by the explicit solution

of constraints [7,:8,.9]. that this method contains additional physicatinforination:-thé:
topological degeneracy. of the colour physical state, as'the mechanism of confinemeunt:
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B The quadratlc part of effectlve actlon over bllocal ﬁeld M has the form

Tr(G M)’ | )

v

Wm = —1

D SRR AU M B A SR SR A P : Sl T Dlragea s W e El LS

‘ " Here Gy is the Green function Gz = zﬁ ¥, T satisfies the Schwmger- Dyson equatlon N

and the symbol Tr means both the 1ntegratlon( and the trace over discrete indices.
The bilocal field ‘M, can<be. expanded over ‘création (af) andvannihilation (apr) -

! R (27r)

.- ., operators )

R ) . .
[ P . T4y, ' dPy ‘
b M(z,y) =Mz —yl=—5) =}: e *

ST ) S S TR .

: : . dq xq(r—y){et?(—[la‘l’ FH Py ‘Pl—fllaHFH} o

Py, wi are the tota.l momentum and energy. of the bound state w1th quantum numbers’

H respectlvely "The veftex functions Ty satlsfy the Bethe- Salpeter equation
= —zIC"(G;:I‘HGg) :
s j »

* where IC" is the mstantaneous interaction’ l\er nel w1th the deﬁmte tlme axis- Nu
K" = ﬁV(xL)lS(x Y ﬂ
(7]—17;‘,_ ”/\/ ) T e et

Now we consider the inclusion of weak mteractlons 1nto the effectlve action (6)3

The effective, Lagrangian of weak interaction has the form, .
: G _ _ .G A A ,
L Ear= 000w the) = Q0N Hhel O

G = 107°/m2 is the Fermi constant, Q denotes the column of (u,c, 1) qualks and ¢
denotes the column of (d,s;b) quarks V is the Kobayashi- Maskawa mixing matrix,
O, =71 +7s)s lu =10,n, [=e, by T VI = Vey Upy Vs

Foruthe deﬁmtlon of the ‘meson. decay constaits we will 1ntroduce in the bllOCB.l
‘action (6) the local leptomc weak current L by:the substxtutron :

M(zy)—‘M(x,yHL(xy), et e

o N . R v o
] ‘ . Do N L

where ;
z‘PL(—ﬂ) R S PRI RS I ) '(1’0) :

R w' v

[ = 0,1, and Py is the total momentum of the leptonic pair.



Insertmg 9), (10) in (6), we get the following form for the effectlve actxon wluch

- corresponds to weak 1nteract10n

G
\/_

and the matrlx element for the decay of a pseudoscalar meson M into a leptonic pair
reads

Tr(G;;/\/t)2 — 2Tr(GMGL V.,O,,(GMG iilu s {11)

<lu| M > = (21r)4z6('PH )t G w0 >)

V(2 )3 V2

- dgq P P
/Wtf{WjOqu(q - E)FjiGi(q + 5)} " :

The whole dependence on the mesonic properties of this matrix elements is included
_ into the integral term. Using the relations for Green functions (1]

Cade_ Py AL Al
,G’(q, 2') \ (qo—(E +—-”-—ze) o — (- E+M'”'+“))ﬂ’
(13)
P LA A )
oo ety ="’(qo—<Ef—.f%ﬂ—.ie>*qo—<—,Eie_M#.+ic))v~’.
~with- ' - ‘ o
AP = ST (p)ALSa(p) = %(1&5;’(p)70)= %(l:t 7053(11)) .
A = S.IALSI() = 514 S20)) = 31 £ 050D+
| SEY(p) = singu(p)  feosda(p) = exp(£2va(p) i

- . . P .
p = Pi7i?Pi=|p_:|aP2‘=_1 ;-

“Siﬂ"éa(P) = E’;(EI;-)-.,'"cosan(p):‘% B
) = Hb0)+ ) 5 Balp) = VETE ;
A = l(lﬂ:'ro') :

e and the deﬁmtlon of the wave functlon of bound states

d "_
/ ”“(Gr,.c)

()

Min o) -

weeanwrte | |
N ) tr{v.,ocu "’)Fj;c:;(q#?)}“ “(15)"
/(2 tr(V,,O \IIJ.)

“This compact form is very useful because the whole descr)ptlon of relativistic hound
states may represented in the language of the functions W;;. Let us expand the wave
function of bound state over t.he Lorentz matrlces By help of (14) we can write ¥ as-

' ‘the "dressed” wave: funct.lon \II

¥=y(-P) = 5;“\%‘:(—'73)'31-7‘. o
¥ (P) = \1: L (16)
3,(__7») - (@ _—nwz'n

In these relations ~' {7 ,7,1}, \II i ‘- {L ,,N ; ,Z} = l ,2) correspond to
pseudoscalal vector and scalar mesons, xespectlvely For pseudoscalar mesons we have
vf =+° and O T S A D

RS TSR e R S AR AR

D TR L TSR SRR PR

o ‘1’( P):= (Ll =1 L2)’7' b S D -,«vl(‘v”;)k]

The fu11ct.10ns L1 and L2 satisfy the set of two equat.lons [5]

E L(;) () - /(2 )SV(p q) [C; (r)c¥(q ) fs;(P)S Q)] L () (q);°
oy N e . - ‘
e A 3 : R T :: .«j R :‘; (IS) .

where:, -\ winteoy el i Sy e e P B ot

@ AT SEN P PRI RN | g

) .= clp)ei(p) JFs.(P)sJ(P) = C.,(P) e
s¥(p) = si(p)ei(p) £ s;(P)ei(p) = sE) v 5

L s = sin(v; ;) ' N

B et 2 gy (i) G e e s

(p q); vi; are deﬁned in (14) i ] are the ﬂaVours of quarl\s “which form tlle bound
stat.e N : .

““We obtain: the € expression for the decay constant of the meson § with” quantum Hum-
bers H usmg the standard deﬁmtlons for the decay constant of the meson
R

. 8T
: x; ”,r";\‘ BIPERRA

4N'

RN 4(‘)’ ‘;'f : 8 e
F”MH/ (27r)3\L‘ Hcos(én; - ‘(19‘)‘:“’,
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Here eos(cﬁ o) =

4N /(2 )3(22)rc°s(u‘i+l"‘) '

4N, 0
Fy = My (27r)3(L2)1(COS(V, + Vd) ;
. 4N
. Fp= (2 )3 (LQ)DCOS(VC + )
Fp, = 4N dq (IOJZ)D,COS(Vc + Vd) ;

(2x)*"

Fa.= 132 / e Lncin )

Fp, = 4N dq

T (2ﬂ)3<?2)aucos<ub+uu) s

4. Nonleptonic transitions D and B mesons

‘For the description of nonleptonic;deca.ys of D and B mesons we shall start from
the effective action which has the form

(GM)2 -
o \ (20)

\/_2 iV {[O GkMHGl)O,,](G M,.G )+ (GkMHGI)[O G M,,G 0,.]}

In this formula V}; are the matrix elements of Kobayashi- Maskawa matrix, G; deunotes
the Green function of the quarks (u,c,t) and G; are the Green functions of quarks
(d,s,b). The diagrams for the weak transitions M 2 M are listed in Fig.1 and the
correspondmg combinations of the matrix elements of Kobayashl- Maskawa matrix are
-given in Tabl.1-3. |

. The matrix elements for these transitious can be wntten in the form

<M(P)W, ff|M(1>') >=

4 Ne 1 | .1‘ G 1:
- = i(2n)’ 6(P P) \/27'.)32“,” \/71r)32wﬂ' \/- 2

{tr[o V(g + V0 (0] + 410Vl via+]} -

After using techniques 51mxla.r to those apphed in section 3.3 the expressxons in the
bra.ce brackets for different weak transitions have the form

, cos(qS.,) = cos(u.+u,) and1,j denote the quall\s in this meson. Specnlymb
“these combmatlons we have : :

“ dq
(2«)3/’27)5‘ g

‘Tr(¥0,¥0,)

el
le
)

Tr(¥0,%0,) =

L e [ etk ) Gkt »] } +

| / (T‘irl))*a{ [/ (2‘“‘)3 Ly (k + p)sgi(k + p)] ,.tp) £1 () +

, dk .
5(PP)- [ o8 ){[ e (k+p)ck,(k+p)]c 0 L+

(22) |

(_;:;)3{[ 2r)? Ll (k + p)sg(k +P)] (P) Lx'(P) + A

RO [ / %,,psi(kﬂ) L, (k+p)]} ,

8( -L) /(2“)3{[ (2 B 22 (k+p)ckl(k +P)] Jl(p) Vl ll(p) +
L. '(P)CE(P) [/ zQ—ﬂsCﬁ(k + P) Vi "(k+ P)] } +

| | @) -
(27r)"{ U (@n) Li (k +p)sik + P)] s’+ (}’) Vs ".(p) +

L1 (n)sze) [/ %-gs,t-(k +2) V2 "k ¥ p)]},

= { [/ (zd k)a L (k+p)el(k + ,,)] :'*i(f’) B+

(27)?
L (0)<ti() [ / (zi:)—;c;(km P (k+p)]} +

—8(PP)

'(24)



/ + Ly (p)su(p) [/k—;%%(iﬂp) 1 (k+p)]}’,
.P__‘”_’_A“ ) - R q. - ,' . } ; R ,{‘;;;

Trl(‘I’O»‘T’Ou) = 8(17 )_/(2”)3{{ @r )3 Lz (k+p)ck:(k+p)] :(p) A (p) +

+ Dyt e enowen]

+ (2,)3{ [ b p;)"s,;{(kf4’*ﬁ)]‘é’;‘(pj‘i’az'"(p) .

. El (p)s;,(p)[ /(—%s;mp) e "(k+p)]} ,

P ——'7 : i Voo . A P R .,
B TQ(\IJO %0,) _‘ B
= 168{ 77:) 6*)/ (2 )3[[42 (p)ckl] / (2 )3 (pu E )[Ll (p)skl]} (26)
sy ,-. ,;s;_ A TERL Ny o z{: .
Tr(\I!O \IIO,.) = ' ’
o '—163{(7711 ,)/(2 )3[22 (p)e H]+/(2 p)s(p,, )[z:1 )sk,]} (27)

Vi— 7,

Tr(\IJO‘,\ilO‘,) =

LT d 0
= -1666{/ ‘aﬁ[‘ll ¢ (P)Cu]jﬁ / -5—— nuP,L +17ypu [Vz 7')5k1]} {28)

v

A we - \ R £ N 33.'»
i RIS | S y LI T -,
— Poandgr Lo LT T g T R T R
—t PR o LY N \
- ‘ N

Tr(TO, \1:0,,) =

- 16eet { / (7—)—3[,41 (p)ck,1+ / o )3 nup,. +77u§’L)[A2 *(p) sk,]} (29)

Transitions ‘V.-kV,’Jf ji Lkl

B D0 | Vv | bd | eu
B} - D% | VaVy bd | uc
BOo T | ViV | bd | tu
By —-T? ‘bV bd | ut

BY - TP | VaVyibd|tce

BS T | VuVh | bd | ct

Table 1.

0 0 0 )
For these transitions (L;) corresponds to (L;)ps and (L) corresponds to wave
functions in the final state.

Transitions VeV |31 LK

B® = D° | V,V4|bs|cu
B — D° | V4V ibs|uc
B T? VsV | bs | tu

8 u

B — T VsVl 1 bs | ut

B~ T0 VoV | bs | te

B T2 | VpVy | bs}ct

"Table 2.

" For these‘tmnsnlons (L } corresponds to. (L ;) gy -and (L ) corresponds to wave
A functions in the final state.



.'5. Conclusion A

In this paper general expressions for deca.y consta.nts of qual konia (D and I3 mesons)

~and the weak transition matrlx elements f01 mesonic transitions in bilocal frame are -

u(

obtained. : ety

The numerical calculations usmg some kind of ’ reahstlc potentnls (may be one -

should examine the s1mple Coulomb plus- -linear’ potentlal at first) will be considered

in the next papers. We think that even a nonrelativistic limit is good enough for a -
test of the perspectives of thls approa.ch 'We have the opinion that they are quite

good. First numerical mvestlgatlons based on the proposed framework supported this

~-conclusion [10].

Transitions ViVt | kl‘

DO RO Vel f i | sd
DOV, e d
05—'.53_; nbv,‘*df uc | bd
00— B9 | ViV | ue | db
Do 3 | aub e bs

DO~ By | VeV | uc s

s

- Table 3."

: be 0 T Y B
For these transitions (L;) corresponds to (L;)pe and (L:) corresponds to wave
: functions in the final state. '

i
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~ Figure 1:

The diagrams‘of”\:voé‘l’(' transitions M % M in theabil‘oca.l"‘:'a'oproa,ch.
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