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The heavy meson decay B8 — e X ie considered. The

angular and polarization correlations for decay products are

analysed.



The relative probability of the heavy meson decay 5 2¥+X,
according to Fritzsch's estimate /1,2/ is comparatively high
(of the order of 3%). This process is convenient to discover
and study the B -meson, since it is practically hankgrqyndless.
The B -meson decay (quark composition (é;f-? ), or (590(}.1, or
the Bs -meson decay (quark composition {gf}} can be examined
in terms of quantum chromodynamics and the standard f;-quark
model of weak interaction /3/. The diagram of the decay 1s pres-
ented in Fig.1. The process is assumed to be mainly determined
by the decay of the heavy f?—quark. The quarks € and € are
formed at the single point ( 7y, > /M. ) and the relative mo-
menta of the C and c quarks are comparatively low so that
it is rather likely that the bound states ec : WYor ‘?. & -
mesons can be formed, which can be jdentified by the typical de-
cays _..;.f_,;-fp—(‘e*g'/, or (nc-; 261 . The production of a
bound state of the €C pair occurs at the distance which is
short as compared to the radius’ of cnnfinement/é (mc}:)';"‘*)
and can be characterized by a parameter quaU{e(cf.Ref.f4f
where the inclusive production of the states of charmonium is
investigated). There is a problem concerning the colour state
of the quarks. If the pair o -id produced in the colour
neutral state, the production probability, as it has been men-
tioned, im described by a fHPfﬂﬁf? if the pair is formed in the
colour atﬁta, there existe a poesibility tﬁﬁt at the output from
the confinement region the system cC becomes colour neutral
and forms bound states with the help of the "soft colour neutra-
lization" mechanism., The probability of this will be characteria-
ed by a parameter [“{"ae{ﬂ)f.z Then the total probability of prod-

ucing a bound state of charmonium will be proportional to

e



fl,*"{n)fz-!- 3{‘:“’“{(‘-“)/2 (as a matter of fact, in Refs./1,2/ it
was assumed that ‘t"‘cﬁc{o) =¥ o3

The decay 604 ' +5 occurs at the distances much shorter
than the sizes of the confinement region. For this reason, the
interaction between the light antiqﬁark composing the £ -meson
and the remaining participants of the process during the prod-
uction time can be neglected.

Thus the inveatigation of the process at its first stage
can be limited to the level of free heavy quarks. The direct
calculation of the decay width of the f -quark with production

of ¥ -meson,-or Y -meson (see Fig.1) gives
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Here .;:1,255 is the mixing angle function corresponding to the

channel qf-r cC S , & is the energy of & in the rest frame
of the B -meson, ‘X (Q) is the Bethe-Salpeter amplitude
of the \\/-meson.Alongside with the states considered in (1)
only the a& and S-E}_r states of charmonium could be produced in
the used approximation and. %lf:%"& "y . But the zﬁi-'state
doesn't decay intn/—l-Ff{a"'e") oryy end for the %2, state the
branching ratio_fnrﬂ?-g" decay is very small. The quantity Y, is

determined from the decay ¥ ee
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One can calculate the total width of the decay of B—meson
under the usual assumption that the tranaition of quarks inte
hadrons does not change the total probability of the proceas.
It is equal to (see Appendix and Table)
szs ad

=255 gﬂ;«: F e | (4)
Here FE_ is the suppression factor of the i-th channel with
respect to the phase volume in comparison with the decay into
massless particles, G the combination of mixing anglee, =1
for lepton channels, C; = 3 for haiirﬁn channele., For branching

ratios [3_ from Eqs.(1) and (3) we have
Ys2

= BA(-N(+24)9, B,=LAND )
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Taking into account the fact that the mixing angles are small
and keeping the leading terms of expansion, we have

o7 _
D = 5 (7)
| 2 +13s2 25 P Gés? + 0,6 (S2~5z)
('s',_-f.s
Ve shell suppoee that there is no etrong compensation in the

sum S,+Sy , #0 that 1S,+S,)% S, . Since for the Cabibbo
angle .ffi‘-‘fﬁ , the demotator can not significently differ
from unity. Therefﬂre, ‘the quantity 9 actuslly does not depenﬂ
on unknowﬁ mixing angles., Assuming éa = U 1";’ and f,d-’*”(a) =¥ (8),

we have tha ‘values 5-,#,2 auitable



fnr- orientation:
B, ~ 5% and 52;:,- 1%.

1f there exisis a resonance-generator SB7Z (the analog of

"
Y (3770) for C ~quarks), then under the assumption that MR~ 0.4

*-—-
for thias rescnance we have ‘5'@"*"33) ~~ 1 picobarn.

Lv+X b
Pritzsch /2/ presents the Erg'l.mlen%ﬂﬂ in favour of the fact

that the main exclusive channel of the 3 -meson decay with
production of W 18WK®. It is explained by the fact that in
the case of neglecting the motion inside the B-—meuan, the in-
variant mass of the system S4 (or Sdr ) isMm s~ 1.1 GeV, Simi-
larly, for the B; -meson decay we have ms-zv‘l 4 GeV, 30 that
the main exclusive channel is a‘}"k’f (the mass of the system K"K'
is larger than that of the gﬁ -meson ).

As to the kinematics of the process, when the motion insidse
the /2 -meson is negleatad, in its nat freame , the ¥ -meson and
& -quark fly sway in opposite liirectinna with momentum

Pﬁj .5 GeV/c and in thise case the angular distribution is iso-
tropic and the light antijuark (the observer) remains reating.
For the Bﬁ-mesan the < -quark is in rest. In transition to
hadrons the transverse momentum of the catched up g9 peir is
not higher than i¢ . Then the collinearity of the decay is not
disturbed with an accuracy of up to the temms fv"':'. the % -me-
son being much alfn_t_!_er than the K -meson. Likewise, for thei*
meson, it is t:hal'( -meson that is elow.

With no doubt, of interest is the polarization properties
of the produced Y-meson. It is a partially polarized meson with
the demsity matrix ;

gaf“"m g:u.a- ffﬁfii&"ﬁf‘fhé -

_6_

where N -p/ (the unit vector ever the momentum of'), »fﬁis

Alhe) -
the unit vector along the dec.aj axia gﬂ M (see
w N¥ne)—<Yf
Pig.1); 81 -—H"“nV f{” —_ is the projector onto the

plane which 1is orthogonal to the decay plane. It is follows

from Eq.(8) that the helieity of the ¢/ -meson is -1 with pro-

4
and its helicity is O with probability Zﬂf

bability Satd
The appearance of the circular polarization of Y4 1ias a conse-
quence of the parity violation in the weak decayd B.The polsrizs-
tion state of the  -meson can be studied, basing upon the
ansular distribution .offé)4}hf'pairu relatively to the direction

of motion of ¥. Thia angular distribution is of the form
£ -A
4 - cos 2.5 (9)

where r9' is the angle between the direction of motien 4’ and

momentum of 4¢ in the ¥/ rest frame.

To observe the effects of pariiy violation, it is necessary
to measure the polarization of ome of the produced muons. This
polarization is longitudinal asnd ite degree is

?‘_ = 2 Acos D
o Z+ A -—f'fi-)‘)cas,?‘g-
Thus, the study of the polarization effect in the  -mesoh

(10)

decay is an importsnt instrument for studying the weak current
€-c - |
Our analysis is mainly devoted to the colour neutral etate

of the CC pair. However, in the case when the quark helicity

« At h—> O the helicity of ¢ would be equal to O and the £ -
odd effects would disappear. It is due to the fact thatC and E
would fly out in parallel with opposite helicities.




is not changed under the soft colour meutralization, the
resulta obtained hold.

We would like to present a few remarks.
1. In addition to ¥ and Qc. » the radially-excited 5 -wave
states can also be produced. In particuiar,ﬁ?.r”ﬂa# By . About
a half of thae w"-—nesouﬁ decays in the channel “f’i.{ﬁi’r'-f'and the.
full S -wave dominates here, Then the .polarization of the se-
condary ¥ coincides with the polarization of S { ; which is
also described by the formuls (8).

2, If one uses the mechanism described here for the qualitative
description of the -% -meson decay reaction @—) '»P;;—_X,— then
fé* DX "“-'{ﬂ 3¢1.0)%. In this case, the (£ hmeuon density matrix
is given by the formula (8) with ) = (Hﬂp and the angular
distribution of the K‘-masun in the  rest frame will be

of the form /. AA cog?9 .

3. Gluon corrections have to be taken into account. The main
logarithmic corrections to the weak vertex are known for the

time being. With these correctione taken into asccount, we have
2 2 : 2 2 'gF_,.—.hafﬂaEfWrﬂ?-)E
19 % 21w L)~ (2f =) [¥@IF +( - 3)1% (11)

where ( 2) Mo /
e ey

it (:fmu (af’:fm:) e

If Ls(md)= 0.2,m, = 79 GeV,m, = 5 GeV, rm, =2 CeV (the depen-

dence on m_ 1ie vary weak), then f = 0.90,f = 1.24 and(2§- 5}

= 0.31, (5“;

less state of cé were discussed in /5/. It should be noted thet

1.14. The corrections for production of a colour

the corrections coneidered here sre only a pari of the total gluc

corrections.
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APPERDIX

For the weak decay of a heavy quark 1-» 2+3+4 (see Fig.1),
when all the final particles have nonvanishing maes, one should

take into account the phase space suppression factor which is.de-
Frn,_—w- e migimg,
Ny 000

where m?_]ms ,my are the masses of the particles. The explicit

termined as F_,

form of the factor F1 ie
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Table

Channel s @ F
cey ot o i 0.63
CJnﬁ 1 1645253 +S,0,0 | 0,63
Ty U 2 0.18

- g2
‘:CS 3 C*C253+SACJEJEicfcacs'SRSEEJF 0.35
0, e R C(,5,8,GE T S0 0.35
"W | 3 C LS 8,GE L ¢ 0.63
ClS -1 LS Ll S OF/ 0.63
ey ' 1.00
upy | 1 85 1.00
WTY | 1 0.39

p-3 : R
oL A B S TR T 0.63
weal 43 gasies 0.63
uua | 3 3T Ll 1.00
UUS | 3 52 i 1 ' 1.00

FiE.1

Here we put m_.= 1,25 GeV and Mg = 0.15 GeV. If one takes
into account the final-state interaction in the channel -‘5—1-(:55 ’
then one obtains _F' = 0,75 instead of F = 0.35 (free par-
ticles). The former was used for calculation of @
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