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B-MESON DBCAYS: DIS AND HQET APPROACH: Prepr1nt ITEP 

X.A.Ter-Martirosyan - M., 1994 - 16p. 

Inclusive B-meson decays, in particular of "internal" types 
(into heavy mesons and baryon pairs), are considered using DIS 
and HQET type approaches. Quite large f'V 12% contribution of 
these internal nonleptonic decays (f'V 7% only of baryon pairs re­
sulting from diquark production) has been found. This lead to 
a considerable reduction of the semileptonic decay ratio-down to 
its experimental value f'V 9%. It explains simultaneously experi­
mental data on the large fraction f'V 7% of B-decays into baryon­
antibaryon pairs. 

The general picture of distributions of B-decays branchings of 
all main types is presented. It looks resonable even in the consid­
tred zero order both in liNe and in QeD.. 

Fig. - 11, ref - 17. 



1 Introduction: role of quark-spectator in B-mes~n 
decays; r~ and decay branchings Bi(j') =P(i')/rtf· 

B-meson consists of b-quark (m6 ~. 4.8GeV) and of light antiqu~k­
spectator (m.p = mu '" md '" O.3GeV); both of them are virtual and 
effective mass of b-quark ' 

p: = (PB - p.pr~ = Mi +m~ - 2MBmq tJBtJ., 

depends on 4-mome~tum P'P = m,pv,p of quark-spectator. In B-meson 
decays (resulting mainly from b ~ cW- weak transition (see Fig.I» the role 
of spectator is very important: only due to it the resonance peaks (which 
correspond e.g. to production of D, D* e.t.c. resonances, see Fig.2) appear 
in the distribution over the effective mass M' = (pc + 'P,,)2 of produced 
hadrons. 

In a number of papers [1-3] the decay of a "free" b-quark, which is 
practically at rest inside of B-meson, is considered instea~ of B-meson 
decay. 

This: a) violates the energy conservation law,especiaJ.ly at the hard part 
on the spectra of produced particles (e.g. deformes the most interesting­
hard part of electron spe'ctrum) - as m, is smaller that MB ~ 5.28GeV, 

b) leads to the wrong-flat distribution in M ' ,
 
c) instead of the r~ value of the form
 

r - G2M'iJ t 12 _I ~. 12 
B 

o - (411')3 Y.:6 - 0.039 r ezp I 

where r~p = l/T~zP, T;zP = (1.50 ± 0.04) · 1012 sec, provides rr in: the 
~ tot . G2m 5 2 2
lorm r B ~ rb = (411')t I~bl (1 +O(mc/m~» where correction of the order of 
m~/m~ turn to be not small as mf ~ M~/2. . 

Therefore contributions to electron and to other spectra from transitions 
to multihadron continuum jjO --+ X~ (which begins from M' > M~, M{ = 
}'-fv + .6, where D. ~ O.15GeV is small, see ref.[4) and to a. single hadron 

. states tJo -t D+ = P (pseudoscalar) or fJo --+ D*+ = V' (vector) have to 
be considered separately. In the sum the decay widths ri(j') = Bri(j')fo 
of all of these transitions have to yield r~ ~ ro value, i.e. one must have: 
Li,i' Bri(j'} = 1, where ' 

·1J = P' ,V',X'. 
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and i-labels a.1l possible states in the upper block in Fig.! (and' also in decay 
of other types, see below) i = X'VI) I = e,J1., T for semileptonic decays, or 
for nonleptinic decays i = 1r'P'IXfJd, or i = D., D;, Xf • e.t.c. 

Decay brancWngs and distribl1tions; theory 

1) Distribution of~uark il\~ide of B-meson.will be most useful 
below. It has the nonperturbative nature and will be used below in the 
following simplest form: 

where parameter P5 =:= MBmsp/Ao, (or ~o = MBm8P/p~ 1) determines' thet'V 

slope of decreasing of X2(1l) with rising of the value of 

2 2 2 ( 2 .)1J'=(vBv.p)=MB+m,p-Pb=l 1-:c+ CO +.PL
 
. 2_'I1B'I"'!lIp . 2 \ (0 1 - z (1 - %)MBm.p
 

(0 = m$lJ / MB =0.06 - 0.07, m sp '= 0.30 - O.35GeV - is the constituent· 
J (or it) quark-spectator mass. The light cone frame was used 1 where 
Pb·= P~ - P3P = xPB + PJ.., P = lPBI ~ 00, PBllqi q = (qo,q) is the 4­
momentum of lilT-boson emitted in b .--+ C transition (see Fig.l). Thus, 

with the· normalization JX?d3p
#! = Idpl}j(x,Pi)d~ = 1 (se~ Fig.3a) one 

'Ke.p 0 0 \ z. 

has the follo'\ving b-quark distribution in B-meson in its momentum Ph == 
- 1 

(xP -~ -!:P,Pl.,xP) (compa.re with j(x) in ref~[3]):. 

1. ~ X2(pg). [ (1 - x (0)] e,-p~.I~(l-Z) 
://(X,PL) =T-; = e;xp-~c Co + 1 -:c 2(oKl(2~0)~(1- :c) 

. ., (1).1
nas d3p.p/1fcop = l~",dpl and (0 ;00exp'[-,Xo(z+ l/z)] dz/z1- = 2K,.(2~0). 

o 
The distribution (1) has a sharp maximum at x = 1 - (0 /'V mb/MB, i.e.· 

2 . 2 / Po{l ~ x) ~ m 8p AQ. . 

lChoosing OZilPs one will h.ave: PB = MB 1JB = (P+Mj/2P,O,P), ~ =.(zP+Pf,/2Pz,pJ.,zP), 

P,p =(1- ~)P + ~;"(:!~)t -pi, (1- z)p). In principle, the distribution x2(pl,p~")dp:,,over P~p has sharp 

maximum at p;? :;; m~}l' Beea.use of that we have put, for simplicity, here and in Eq.(l) p:" == m~p, i.e. will 
use x}'(pl,p~p) ~ x~(Pl)6(p~p - m:p )' . , 

Note NSO tha.t choosing P== P:-:; 1\ qone has for PD =PB ~ q : PD = ("'1eD P + M}, /2P"'1eD, 0, ieDP) wh~~
eli =MD/MB add T] = (VBVd) = ('1 + 1/"'1)/2 will be used below. 

. . 
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In general, b-q~ark distribution in B-meson is determined by nonpertw.... 
bative QeD. Some information about its form at z --+ 0 and 1- z -+ 0 fol­
lows {17] from Regge role approach which gives rl(Ztpi) N (1-z)<lz• with 
~mall a =1-QR(O) ~ 1/2 and large b =~abb(O) ~ £rR(O)- 2aB{O) ~ 8 -10. 

r.rherefore, 'the power form of X2 =xl, 

11.. (. 2) _ r(z,pi) _ 
; 1 :C,P..l - 1 - z ­

:= Bo1(1- z)4zb [exp (~pl/p~(l- z»)] /p~(l- z) (la) 

with p~ ~ m~p/~o,Bo = l3{a + 1,b+ 1) seems to be more natural than t~e 
exponential one given in Eq.(l).' ijowever,with given above values of a, b, 
its maximum (at z ~. bl(d + b» is much more flat that the sharp peak of 
distribution !(z,P3.'> in Eq.(l) at z = 1 - (0. 

In Eq.(la) the s~e pi normalized distribution 

IV .[ezp(-pl/p~(l-x»)/p~(l,-x) 

was used as in Eq.(l). Having no theoretical information on it one can 
substitute here simply p~ or p~x(l -'x) for p~{l - x). 

One can also reproduce the sharp maximum of Eq.(l).by introducing in 
Eq.(la) the denominator of the resonance form [10] 

2
.!.!2(z,p1) = X (z,pl) = 
~ 1-z 

Co(! - x )Qxh [ ( 2 2 )] 2= [(l-Z)2+ j2 ezp -pi-IPo(l-z) IPo(l-z) (lb)eoz
containing small parameter co IV 10-2 - 10-3; this function has power law 
asymptotics only at extreme small 1 - x < veo rv 1/30. Both distributions 
(Ia) and (lb), at proper choise of parameters (a = 2.2,b = 28 in Eq.(la), 
or eo rv 2 · 10-3 in Eq.(lb) with a = 1/2, b ~ 8) coinside closely with that 
given in Eq.(l) in the region 1- x ~ m~p/MB of their maximum. Therefore, 
throughout this paper the simplest form (1) will be used (while it is not the 

best one for the b -+ C quark density matrix (('1) = f XBXv d3&.e, TJ = (VlJVD),
'K£,p 

see below). 

All B-meson decays modes are considered belo'v; a) with unique b­
,quark distrib. function (1), at fixed values of parameters Ao = MBm8P/p~ 

and (0 in different decay channels, b) in the zero order in 1/Nc' c) without 
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QeD corrections specific for each channel. Only ZVS corrections [5-7,1] 
forming LUto' will be taken into account. 

In this zero order a.pproach all decay amplitudes are factorized and differ 
from the semileptonic case:' i) by substitution the produced quark m~ses 
J.tl, J.L2 (in the upper block in Fig.lb,c) for mass~ of e, Vet ii) by the non­
leptonic enhancement and colour factors like (3C;II)C2,'where 30;,., = 1 and 
the constant C - depends on the channel under consideration [5-7,1]. 

We shall consider below all main channels of B-decay to both hadron 
continuum and to a single i,j' hadron resoilanse states (at least states i,j' = 
P, V must be inclu4ed). 

For nonleptonic decays the production of heavy i = P,V states at 
w- --+ cs transition are enhanced due to a large values of constants !p, Iv ot 
coupling of heavy hadron resonances to W -boson. This makes appreciable 
the value of W- --+ cs transition rate, as compared with W- --+ U.s tran­
sition - for both usual and internal decays. Account for the'last-internal 
decays, in particular for production of barion pairs leads, together with 
lV- ~ 15S transition enhancement to total 15-20% of enhancement of the 
total nonleptoni~decay rate compared vlith the case of a free b-quark decay. 
The correspondin.g violation of "detailed duality" results in decreasing of 
the senilleptonic decay rate do\vn to its experimental value 9-10%. 

.2) Decay B -¥ X~ to multihadrons will be considered similar to 
Bjorken's approach (see refs. [8,9] and p~per by Jin, Palmer. and Paschos 
-[10}) to. deep inelastic scattering (DIS). The inclusive probability of this 

1:( - ') ( <ITX(X'l12. ) <}.3p d3
p I C X X)decay dr J 

Xc = :En n~t(lf; d'Tn (21r)32c (21r)32£v \ e.g. .lor' = ev can e 
·be put in the usual DIS form [10}: 

2 I qI (L(eV») dq2dM'2 
dfX(X~) == fa· q,12(Y) M ~ Wa l3 Ml Ml ' (2). 

B 

where f o was determined above, 'P12 (y) == 2$1 == (1 - 2A+ + A~y/2, 

~:l = [1 - 2(y + Z/) -i~ (y - Z')2] 1/2, A± = (JLi ± JL~)lq2, . Y = q2lAtA, . 
z' B ]v[12 llvfA, are tV10 particles phase space factors, J-Ll, JL2 - masses of e, 
v (or of other pairs of fermions in the upper block in Fig:la,b,c), while 

(L":rJ) == ~ { (1 + A) (qaql3 - 9al3q2) + i>.,-q29a13} 

.is lepton tensor L~ = ~ E"'e,O'v=±1/2 (eOav) (POpe) avera.ged over Fe0 = -PliO 
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"'-11 (in ell ~est frame) and ~ = ~+ - 2~:, >.'- = >.+- A~. The corre­
1lPOJldinghadron tensor .
 

2Wo!J = EtalvJn)VJn)·d"-,,,/21r = (":'goP)Wl + (Po Pp/Mj)W2­

-ieoJl'rI(P7Q.s/Mj)Wa + [(PoCJp +QoPJ1)/(Mj)}W. + (qoqp/Mj)Ws,. P= PB 
. . .' (3) . 

. can be expressed in terms of quarks b --t C transition tensor L~~) determined 

similar to L~;): . 

WoP =f Li~)6 [(p. - q)' - m~l/(:r:tP.l)~dpi (4)t. 

where p" ~ q = Pc and 6(p~ - m~) results from c-quark phase space 

(21l')4cS4(Pe +Pd - P) (2~;;e. == 21l'6(p~ - m~) •
 

For p" = ~p +Pl., 11 = z2Mj - pi one .has
 

6«P" - q)2 - m~) = (Jz+ - z_IMj)-1[6(z - z+) + 6(z - %_)} •
 

:l:±= (qo±Jq2+m~+il)/MB. ..
 
This results in (see Jin, Palmer, Paschos [lOll:
 

WI = /(:r:+> - /(:r:-)t W, = 4[:r:+/(:I:+) + :I:_/(:r:_)J t

12:+ - :t_1 

~ W:.. = _ 2[!(z+) - /(z_)] TXT 

. 
W3 .. IZ+ -.2:_I" "y 5 = 0 · 

Here, to simplify notation, /(z±.) was written instead of f(z±,p.L) and con­
sequent integration over pi will be assumed below everywhere. . 

With these values of Wi = Wi (qo,Iq'1), qo = (Mj + q2 - M '2)/2MB , 

I.q 1= Jq~ ~ q2, Eqs.(2), (3), (4) give for rX(X~)/ro =BX(X'): 

2BX(X') =0 / / dZ'dYC}12(Y)~ {(I +~) (6YWI + M2~ W,)
Y>Yl z'>z'1 B B . ' 

(5) 
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or
 

3) Transitions B -+ P, V' to a sl!lgle hadron state in the lower 
block (in Figs.l) are determined in HQET [7,11,12] by b-quark density 
matrix (Fig..3b), called the Isgur-Wise function: 

't( ) _I. ( . ) *(. )d3Plll _I' dxsp /00 2 ( ~) *( 2 ) ~ '1 - X VBV,pX ViV,p, - -.- dp.iX X'P)Pl. X 'X'P'Pl. , 
W€.p X.p 0 

1] = (VBVj') = (Mh+M~ -q2)/2MB Mi" where jt = P or jt = V' and where 
the right ha.nd part is written in the light cone frame where 



, ?'
 

,PB II Pj', PS =p. -+ 00 is the produced j' = P't or V'-~eson state momen­
tum and (i'.= Mi,/Ms < 1. In expression for e('1) the value '1 = 1 of the 
parameter "( (see above footnote 1) corresponds to i'-mes!'n bei~g at rest 
ielative to B-meson. Relativistic invariance demands that e(fJ) will be the 
function of fJ =l<1' + 1/1) and not of,., ~ tI ± rlfJ2 - i. E.g. the form (1a) 
of b-quark distribution function yields 

.= (' 2 )1+1 F (~, i + 1,11+ b/2 + 1; 2(11 + 1)-1 
{10(11) '1+1 . F ~,t+1,a+b/2+1i1 

, where F-is hypergeoinetric function [(17)]tr-=1 = 1 and [-"('1)]t1=l = 
I (i + 1) (1 + et) ~ i (i + 1) 88 b:> Q. 

The. form (1) for b-quark distribution function gives " 

~ (' '.. )" = 2K 1{,\or) 
~o 11 r K 1( 2Ao) , 

while an account of quark spin dynamics (see [13]) changes slightly this 
result leading to ('1) == ~K ;j2'\~)~;2~.\: )where Kn(z) are the Bessel-Me 
Donald functions. Both £onnstor (0(11) and for e(l1) satisfy Bjorken's and 
Volashin's sum rules ruquirements 1/4 ~ [-~'(''1)]rp::l ~ 1, at a/2 < 1 , and 
at ~o 1. The last form of ~(7]) will be used below with AO e= 1.3 ± 0.5f'J 

what reproduces (in fra.mes of experim. errors) existing experimental data 
, of ARGUS and CLEO [4, 7, 14, 15] on e(tJ) dependence on 1]. 

The amplitudes of B --+ i, j' decays (see Fig.3a,b,c, where i == P., V, X or 
i =X'II.) are giv¢n, according to HQET, by: 

. Ti(P) =C.jMBMp,(G/J2)e(VBVp/)(VB + 1JP')Qj~ 

.Ti(V') = aJ'MBMvI(G/V2){(VBVV') [(1 + vBvv,)e~~ (7) 

-(vBe')vv~ + iEa/376ep1JB., 'Vv:] j~ 

.here e~ is the vectQr V' state polarization ~-vector and ;~ are given above 
tor the single states i = P, V in the upper block in Fig.3b,c, while for 
multih~rC)n continuum one has: j~fjd = (~OQd), j:l. = (cOas), or i;,n, = 
(eOav) for the semileptonic decay case Fig.3a. Br&nchings Bri(P') and 
Bri(V') corresponding to these amplitudes are easily calculated and are 
given in the Table 1 (see Appendix I r i (,") = <1T'(i')f'> • -L • ~). 

, 2MB 8", MB 
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'~Internal" decays anq numeri.cal fesults 

. 1) nInterna!n gecay~: 

a) At G = Cell = 1/.[3 or C = 0 1 =1.13 (see ref.[5-7]) 'fable 1 deter­
mines branchings of different channels of semileptonic or, corresponding, 
usual "external" nonleptonic .decays of B-meson (see figs.la,b,c). How... 
ever, at C ~ O2 == -0.29 [5-7} they determines also the branch.~g8 of 
"internal" B-decays, the anlplitudes of which are represented by graphs 
in Fig.4a,b for W- --t ad transition (and corresponds to two terms in ZVS 
Lagrangian L~~J: {5,.7}, see Appendix II). In the similar W- --. as transition 
case Fig.5a,b implies the production of white cc meson states ("Ie - pseu... 
doscalar, J/ 1/J - vector, or X cc continuum) and of !mon type (sd) states 
KO ,K*o, X:cl• One has to disregard, in the considered zero order in 1/1Ve , 

the contributions of graphs in Fig.4a,5& while graphs in Figs.4b,5b without 
QeD corrections give the factori.zed result - the same as we had in Fig.1 
and in the Table It with, C -~ C2• 

b) Graph shown in Fig.6a, (and in Fig.7a -- for W- ..... C8 deca.y) cor·· 
'respond to production of colour diquark (cd) and antidiquark (ud). They 
can be produced in the colour states 3 and 3 correspondingly (as ij and 
q). Then the corres!,onding a.mplitude will be factorized (as was temarked 
by B.Stech [7], see r'ig.6b and corresponding form of L~!k is given in Ap­
pendix II) and diquark (cd)i-antidiquark (iid)j pair will convert into the \ 
white baryon Ac = (cd)jqi-antibaryon N = (iid)jq3 pair as OIle more ijq 
quark pair will be produce'd obviously due to confinement. The factor 
C_/3 = 0.47 (0_ = 0 1 - O2 = 1..42) appears [7] in front of G/v'2 in the 
contribution of graph in Fig.6b. The similar graphs 7.a,b correspond to 
transition W- -+ cs and to decay fJo -+ 8c• + Ac• . 

2) Values of parameters and numerical results 

2.1) Values of parameters. The following values of constituent quark
 
masses and of meson decay constants are used (in GeV) below: m u = md =
 
m.p = 0.35 ((0 = md!MB = 0.07), 'me = 1.4, m. = md + 0.2 = 0.55. Also
 
from ARGUS and CLEO data [14,15] one can extract:
 

I. = 0.13, ID = 0.17, IDS = 0.26, f"c = 0.38 
{ j" = 0.20, fD" = 0.22, Iv: ~ 0.29, IJI"; = 0.39 
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while the lowerbOUlldaries of hadron continuum will be taken (in corre­
spondance to experim. data) as follows: (M~)ecl = MD- + 0.15 :::;2.15, . 
(Mt)a = 2.26, (M~)d ~ 3.·25, (M1)od ~ 1, (Mt),d = 1.06.. Among there 
parameten the most important are the values of m.p (or of (0) and of me:­

2.2) " '. ' , (they are given below in percents) 
a) The following values of lepton brancbings Br'V,(D+), B,.IJII(D*+), 

Brl"'(X~)t I =e,p.~ T are calculated from formulae of Table 1: 

BreVe(j') BTIU/
,. (j') BrrVr 3

.,

1.67 1.67 0.94 D 
5.21 5.20 2.23 D* 
2.71 2.60 0.28 X'+cd 

Br::; = 9.60 9.50 3.45 BTtot = 22.6 

b) For nonleptonic "external» decays branchings Bri(i') Table I lead to: 

8) W -. ud 11'- p- X;' j' 1 b) w- -+ c., D; D:-' X;. j'~ 

0.34 0.79 5.77 D	 2.06 2.63 3.32 D+ 
0.37 0.93 18.60' D*+	 1.49 3.06 8.52 D*+ 
0.55 1.20 8.10 X:;'	 0.93 1.51 1.21 X~ 

(Br~)f!ze = 1.31+3.10+32.41 = 36.9 - (Br~)ect = 4.48 + 7.20 + 13.05 =24.7 

As one see the branching (Br;:t)ezt ~ 25% turns to be quite appreciable 
88 compared with (Bri:)e~t ~ 37%. 

c) The values of "internal" decay branchings are smaller but still appre... 
ciable; B-decays in meson give: 

a) . DO D*o X:C j'! b)	 Jlt/J 
W -+ id W -+ ;;. 

~	 0.01 ~ 0.01 0.13 KO 
0.04· 0.03 0.44 K-o 

0.17 0.31 0.32 X~cl 

0.23 + 0.35 + 0.89 == 1.970.11 + 0.23 + 2.45 = 2~8 

Br~:·on =4.27 

d) Brancbings of B-meson decay into baryon pairs Brx (X') (really ­
into diquark-antidiquark pairs in states 3 and 3 with effective mass M ~ 

,fijI, M' larger'that the sum of corresponding constituent quark mass) turn 
to be not small: . 

W- --t- ud , 

> 10­
0.03 
0.11 
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Brincl(3c,) Ac} = 1.25% for w- --t E, ;
 

B,.~on ~ 1%. 
2.3) Summing the contribution of all channels one has 

Do = E Bri(j') = 22.6 + 61.6 + 4.27 + 7.0 + ABo = 95.5% + ~Bo 
iJ' 

where 6.Bo = 4% comes from b --+ u (1%) and from b -+ • (3%) "penguin" 
transition. In the result one has Bo ~ 99.4% = O.~95t i.e. 

(r"tot) 0 995 1 Vcb 1
2 
re~, rez,

8 tMCW =. 0.037 B ~ B 

at reasonable values of 1lJ;;,,! ~ 0.037 - 0.038. Note that QeD" corrections 
would change about in 10 - 15% the values of these branchings but the 
above picture of destribution of bran.chings in different channels ~an be 
later restored partly by fitting parameters me and (0. 

The spectrum of electrons produced in b --t C transition is given in Fig.8; 
it fits very well experimental da.ta. Distributions in M,2 in usual (and 
semileptonic) "external" decay and in q2 are represented in Fig.9a,b. The 
sa.me distributions are represent in Figs.l0a,b for "internal" deca.ys, while 
"Fig.!1 shows the distribution of vector hadrons J /1/1 and D*o produced in 
these "in~ernal" decays in their. momenta. 

Conclusions 

•	 The important role of. quark-spectator (u or d) in B-meson decays 
in emphasized: its presence deforms crucially the final spectra of pro­
duced hadrons leading to resonance peaks. 

•	 Bjorken's DIS approach is applied to B-meson decay to multihadrons. 
It leads to simple results for different distribution of produced particles 
giving them in terms of b-quark distribution functio~ X2(ZtP.L) in B­
meson. 

•	 The saIne b-quark destribution function X(x,P1J det.ermines in HQET 
[5-7] all brallchings and distributions for B-meson transitions to a 
single final pI or V' hadron states.. 



II, 

•	 The simplest fotm, X =Aoexp[pl/p~] ~ A1exp{-2~o(vB'V.p)1 of b-quark 
diatribe in 'B-meson leads to reasonable values of all main decay 
branchings and of the forms of different dist:r:ibutionsof particles pro-­
duced in B-decays. .. . 

•	 The sum Bo = E,.J' Br'(j') of decay branchings in aU channels turn 
to be close to unity only if. cont.rib. of "internal" nonleptonic decays· 
f"J 12% are taken into account. This contribution encreases the non.. 
leptonic decay branching and reduces the electron decay ratio down to 
its experimental value -:- 9 - 10%, Branching of decay to baryon paJrs 
turns to be .1'; 7% - in correspondence with experiment. 

• QeD corrections have to be introduced by a standard methods in the 
considered DIS form of t.heory. Their 10 - 15% effe~t is expected to 
.be partly compensated by a small change of two parameters (0 and me 
important for the results. 
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Appendix I. Table 1 of branchlngs. 

1) B ...... X'-transitions to multihadrons,in the lower block. 
o-~, r . 

BrP(X') =(OFp)J ~ "/ft;:!~~l {(z+(:Dt +._)2 - (__ +321+)'] /(-.1'-1.) +(-=+ ,4-+ 8_)} t 

~ , 

(1-c,,)1 ~. ' 
BrV(X') = (OFv)1 ~ 4.' ~."'.":l {[1I+(z+ +Z_)2 - (11_ +3_+), - 2{J(z+ -:-z_») )( 

x/("),~) +(~+ H --)} J 

. (l-~ (1-#)* (l-~>, ,(l-yii)* 
srZ.(X') = J dr J .12h,)l{'J i)dJl = J I n (,) I 1{,•../)dzl t 

.tl " .111 1Il·-t 

I(V,.I') = 2021il {[(t +A) ~+~ :_ +3, (1 - A~)] /(:11".1.) - (:11+ t-+ Z_)} 
1 11 ,= (1 - 2l+ +A2)lJ2, A:i; = (JJ~ :l: JJ~)/t/ t (i:;:: MilMs. JI = rI/M}. s' =MillMA 

lit =~ =(1 - 2(11 +z') + (y - z'r,]1/2, G'{Z/) =lalp(f' til =Ml/MJ, z1 == MfIMA
B. . 

i = p. v. '\c == m~/MB. A=~+ - 2A!., z* = ~ [(1 +y-z') ± JiP + 4(: + "pl/MI} 
. 00 

Everywhere the integraton J dP3 over pJ.. is assumed in experssions for
0·' 

Bri(X/).
 
2) B -+ P', V'-transitions to a single pi or V' hadron.
 

I!~(P') = 1(OFp)2 [(1 +(p,)'_ <j,)2 (p,1/2 _ (;1.2)2 a~,(2(1/~'), Fp = 2:1:. 

BrV(p',) = l(CFv )2 (,;:/2 +,;J.2Yl[4~,]1 f'(1J~'), Fv = 2;,t: 
o . 

Br~ (Pi) = 4C2(~, tlj 'd'1P' [(1 +(p,)2(1Jp, - 1) +~(1 _.. (p,)2(TJp, +1) + ~~,] .12(')('1P' + l)x 
1 . 

x .j'1J" - 1(2 ('1.p, ), ,\~ =~+ + >t: 
B~(V') == l(CFp )2 (V~/2 + (~2)2 (a~,)3 e2(71&,)
 

BrV(V' ) = 1(OFy )2 [(1 -+ (v')' - (fl (R~,I'v') a~,e2(1J~')
 
'10 . 

B~ (VI) = 402(~, I'd'lV' [(1- (v'? (571V' + 1) - S'Cv'1/v'(1]v' -1) + '\(1+ (v,)J{'1V' -1)­
1 

-A~1I(27]v"+ 1)] ~12(Y)(1JVt + l)J1J~' -1(2(l1V') 

Rv (1/'1)' ~2 [( r)2 /' 1 i I"" {, i = P, Vv' = - '»V' - \V 1 - ~Y' - 8~v', ai' = a lFC!.*,=(;,. j' = pI, V' 
{ 

fli' = (1 + (i, -- y)/2(;" i' = pI, V', ei' == Mj'IMs 

o (.) { M1.- is tche beginning of hadr. continuum in the upper block . 
11i' = 1/;' lFJI1=Ml/M'lJ M~ ~ Mv + .6.- is the same for the lower block 

, , 
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Appendix II. ZSW Lagrangian LUl . 

Hard gluon correctioDS convert [~7] the Usual weak interac,tion c.c. La; 
.gtangtan'.'m: . 

LtI' =(G/../2)V. [Os · (llb)..(lu).. + d, -(db).(lu)" +et·(a.b)Q{clt.u).+.~.+ 
+ [(c1u) ... (Ie)] !I (G/~) [O_(ectl)t(iiCb)3 +C+(e'd);(f1cb). + ...]' .(a) 

, . 

With (!b)cI.(~~CI(1"1s)bi)' (!fd)l_si;i(!j(l ~'Y.)d.) e.t.c. and \rita' 

0 .. =0",1 - Oa· '117
'. ~ L42 ,}.. Q .. In(MwlAggpcl ~ l.53 01 ", 1.13.0. ~ -0;29,
 

'~+ :I at +01 - Q-tfta • 0.84 In (""./A,,,IJ) t C_/3 =- 0.41 ~
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HI 

Distribution in M' h, deca)'• 

,bOWD ia Fig.la,b.c. 

)t..p,v,x 
.,_O'V' 

~ d-·' 
f c) 

b) 

6) H.uep~aic, b,c) 1\onloptOAlc "external" \1pc1 deca)' amplitudes. 

Fig.3	 a) the l'lormalil. condition of b-quari: distrib, fUllctioD (I). 
b) b-quark density matrix for B ... D. or B ... D- transUion, 
c) the amplitude. olB .... ;' decay, to a lingle hMtOD .tatea j' =D+ or D-+.· 

.Fig'4;~~ q~~~~~	 :" ~.t~.y.~'~e/o/4jr..c~Fig.~.e
'B0 $. ~+ 't)"~d. $" & s +ifE\ 

~. ~ .U£1~~,.X4 '*6! ,ct ~}~~~Y:r 
a) b)	 a) b)I 

Fig.'	 Graphs of "internal" Donleptonic B-meson deca'y, into heavy mesonl lot W- .... ild hansi· 
tion: a) graph of the conhib. of the Gut and,o! third t.erma in the first line in LU' (leO <a> 
in Appendix II) which cancel abou~ totally together, 
b) graph !rom the second term in LUI giving the main contribution (proportional to C2 ~ 
-0.29) in lero order in lINe. 

Fig.S	 The lame as in Fig.•, but {or W- .... l. haJUitioD. 

Fig.7 
. . 

Fig.6	 a) Graph or 7tintelnal" B-meeOD decay (lor W- -.' ud transition) into diqu.uk (cd) and 
antidiquark (uJ).
 
b) graph or B-meson decay. to the .a.D\e (cd) and (ud) diquarks in the states 3 and 3 which
 
convert to At; = (cdhQ31 N =(uJhf~ due ~o crea.tion or one more q~ light quark pair•.
 

Fig.7	 The same, but for W- -. l. transition. 
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Flg.8 Electron spectrum in B .... cv.X deca1z 
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- from ref.[16) - contrib. lront only ft!.onaDct 
sta,\f'S D. n·, f)-.; dotted line - frte lr-quark 
decay contrib. (see reC.[2J). 
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Fig.tO a,b) The same distributions (in M,2 and 
in q2) as in Fig.9 a,b for the "internal" decay 
to heavy mesons (see Figs.4,5) atW- ...... ~$ 

transi tion. 
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It • 
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FIg.9 a) M'2 -- distribuiion ill tJtj ~ f!v.X; 
and the "external" nonleptonic fJo -+ ndX:' de· 

, ca,'; dashed line - tile last case (ot small All S 
1.4GeV. b) q' =Je./'J distributions for the sam. 
decay•. 
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Fig.n Distribution of vector me'sons D·o and 
JIVJproduced in the "iMernal" decay (Figs.4,5) 
in their n'lOmell tao 
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