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. ABSTRACT
A nev dynamical schems of hadronization for nonleptonic decays is
proposed. As testable consequences, new predictions over the rt
lifetime, over the branching ratio BR(I** vX) and over the decay
r*+s*s0 (implying violation of the AI=1 rule) are given.

Key-words: Nonleptonic decays; F* meson; Hadronization; Strange
and charmed mesons.
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Contrary to the case of semileptonic decays, the nonleptonic
decays of both strange and charmed pseudoscalar mesons exhibit a
somevhat irregular behaviour.

Yor seaileptonic decays of strange mesons, for instance, one
has! r(x*+x01*v) & r(x0; ++*1v) (1=e,n); similar results have
recently been ropottcdz for charmed mesons, l'(D"-X."v) -
s r(D0+Xe*v).

By contrast, in the non-leptonic decay of strange mesons,
for {instance,! l'(lo.-vn) 2660 (x*+s*s0), while for . charmed
mesons one has the unexpected result3 r(p0+Kk~s*)/r(D%+Kk%:0) »2
(predicted in the usual scheme® to be 218) and r(p*-x%*)/
/ T(D*~K0x*) 0.3 (predicted®<0.1).

These different behavior.: are presumably due to the fact
that, contrary to leptons, quarks produced in weak interaction
processes undergos strong interactions i.e. the essentially
unknown effects of confinement and hadronization induce this
irregular behavior.

Varfous mcdels and various review papors have appeared on
this lubj.ct"'s to which the interested reader is referred.

In this letter we report some preliminary consequences of a
moda]l vhose basis, mathemsatical aspects and physical consequences
will be fully covered in forthcoming p-pcr-6-7. Here, we limit
ourselves to the wmost striking consequemces of our scheme
concerning: 1) The hadronic »» decay of the charmed meson F'
wvhich is predicted to occur at an unexpectedly sudbstantial rate

*

BR (".9 .0.0) e 0.043 (1. (r ’)- {3-4)% (1)
1(0*) . .

(comparable to that of D9+K*s")3, 11) the ssmileptonic decays of
¥* which turn out to be such that

BR(r*~xev) s1/3 BR(D*-xv)
111) the T* 1ifetime which is predicted to be

«o*) 2 3 «(r*) (2)
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or, more procisely, in the range
(Ft) «(0.47 - 310713 4, 3)

which dces not seem to contradict the present linitsl»8,9,

Predictions 1) and i1) are, to the best of our knowledge,
peculiar to our model. In particular, i) ioplies violation of the
4I=1 rule as had already been noticed long agolo. We urge for an
experinentsl check on them.

The starting point {quite generally accepted) is that the
quark-antiquark pair produced in the weak decay of a meson behave
as free particles over a distance xg (in the center of mass of
the decaying meson) which we take to be representative of the
distance beyond which hadronization takes place.

“The next, crucial, point. . ernforcing the conflnement
postulate is the assumption that a spread of nonenta'gi and ;;
of the quarks is possible within the distance xy due to tha
uncertainty principle. As a consequence, there will be a small
but non-gero contribution of momenta distributions when the two
quarks are produced in the same emisphere. This will enhance the
so-called W-annihilation graphs (W.A. hereafter) which are
othervise suppressed by total angular momentum conservation. In
other words, in a restricted confinement region beyond which
hadronization occurs, a quark (an antiquark) niy have helicity
=1(+1, respectively) without which the WA contribution would be
suppressed by total angular momentum conservation. We do not
engage ourselves on the exact details by which hadronization
takes place, but we linmit ourselves to an intuitive empiricrl
prescription on how, mathematically, the above mentioned spread
of mocenta of the quark-antiquark pair occurs over the distance
xg. Although very naive, thia prescription (vhich we will briefly
describe below referring the interested reader to subsequent
work® for all the details), 1leads to the predictions which
we have slready mentioned and proves itself cnpabld of a substan-
tizl agreapent with existing data’,

To {mplement the above ideas, we will, specifically, assume
that in the rest frame of the deceying meson, each of the quark-



CBPF-NF-016/87

antiquark member of the pair produced by the weak interaction
responsible for the decay of the parent meson is described by a
vave function of the form

¥(x) = w(p) exp - ip.x exp. -xZIZxoz (4)

i.e. the quarks behave as essentially free particles within the
confinement regicn of dimension x. ,
To have the standard form of the Dirac equation

(#-m)u(p) exp(-ipx) = 0

ve see that ¥(x) must obey

(11’3 + 1 IX ) ¥(x) =0
- X)s=
v xoz (s)

vhere the non-hermitian "potentlul"'i?:;/xoz (vhich disappears
as xg*= 1s a direct consequence of our wave function being a free
wave damped by a gaussian.

That the "potential” be non-hermitean is, physically, quite
paturdl. Quantum mechanically, the presence of a non-hermitean
part in the Hamiltonian is, in fact, related to the probability
being in general not conserved as a function of time

8. v/7>-3<"'“.>
dat 1 (6)

Physically, this is exactly vhat ve expect to happen 1if,
outside the domain xq, the quarks hadronize and, v therefore, do
' not appear as asymptotic states.
An imnediate consequence of (5) is the birth of nev terms
violating bLoth the axial as vell as the vector current conser-

vations (vhich, again, disappear for large valuas of x5)
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It 1is rather straightforward to vetify6 that the current
violating terms (7,8) implied by our model are generated by the
so~called spin or dipole density currentl! which gives a non-zero
contribution here whereas its effect would vanish for truly free
particles.

A subtle point which we will not discuss hers (see Ref. 6)
is the non-manjfest covariance of our model (eq. S5) which in the
present case we can ignore as we will always work in the rest
frane of the decaying meson.

We now use the wave function (4) to evaluate the implicit
rteud WA, decay width in the F' rest frama. Taking n“-md-o, ve
get the W.A. contribution

I“W' (F——,wd) G- :f'F 4_._;7;“4"9

[zmlz uj-(z..M) (vl'Mx ZLEX"M) WP(.@Z)]

where fy is the F docay constant, M is the msss of the F meson.

In (9), a; is given by

1 = (2cy +¢.)/3 (10)

where c4 and c. are the coefficients which appear in the effec-
tive Hamiltonian®. The above term aj corresponds in the wusual

4 to the transitions with the qq in a color singlet.

vernacular
We neglect here the octet contridution which is very small in the
piescut case, Taking xg=l Gav-! and ay=i.2i (corresponding to
€4=0.66, c¢.=2.3) and letting fy vary between 200 to 600%+3,12 uzv

ve obtain
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WA (rtaud) » (2.2-20) 1012 gec-l ~ (11)

Taking the p* decay width as corresponding to the so-called
W.R.(W-Radiation) contribution (t(D*) = 9.2 10713 sec)l, 1.e.

™R (r*) » r(D*) = 1.09 1012 gec-1 (12)

woe see that the value estimsted in our model for the W.A. con-
tributions to the ¥ decay vw'dth is at least of the order of
twvice its W.R. contribution. We therofore get

(DY) 2 3«(rt) (2)

vhich is in quite good agreement with the experimental observa-
tions! (<(r*) = 2.8 ,&,6, 10713 gac, (D%) & 9.2 2‘1:310'13 sec).

As one can see from (11), the W.A. contribution to the width
depends strongly con the poorly known parameter fp. This wmeans
that x(F*) can vary vithin the range

x(F*) =(0.47 - 3.0)x 10°13 gec. (3)

ac fp varies between 600 to 200 MeV re.spectively. One can turn
things around and use the experimental value for <(F*) to
estivate fp to be fy » 200 MeV.

It 1s interesting to notice that the Jover value we find for
<«(F*) falls below the acceptance region of a recent experimen-
tsl search!3 of F*. One could speculate that this may be the
origin of the negative result re,orted in that invontlgntion. On
the other hand, our upper value in (3) is very close to the
values roportoq rocontlya'q.

Given that in our model the W.A, contribution occurs only in
the non leptonic decay, this means that only W.R. contributes to
the semileptonic decay implying that

F(D*>Xtv) » F(DO44v) = F(r*=3tv) (13)

As s consequence of (11) snd (13)
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1X s BR(F*+£vX) < 1/3 BR(D*+2vX) s 6X - (14)

As far as we know, our model is the only one to produce these
predictions since the usua)l results is that the semileptonic B.R.
of ¥¥ should be equal to that of D and larger than the b0 one
{while, 1in our casa, the W.A. does not contribute to the 2LV
channel).

Going back to our modal, we see that it violsates the sum
rule AI=] which predicts A(F++n+u°)-0. In fact, using equation
(8) we get

A(Ft+nta0) = 1£p[(m;-my) <n+u°|v3|0> -
-2<l+u°'d?:§5|0>/102] : (15)

where the first (and usual) term is practically zero, while the
sacond vanishas only ia the limit xg=+». That violation of Al=1
would mply F'+n*a® was pointed out long 88010 whereas the
possibility that isospin symmetry be broken, has been advocated
to explain the large NNR parity violating coupling 14, Also, the
data3 do not seen to support at all the AI=l rule leading to
A(DO+x"n*)+/2 A(DO+K0n0)m A(D*-K0nt).
Considering the evaluction of P(F+-01*io). we recall that,
according to the wusual lchemels. the W.A. contribution to
MM M, 1s given by

MM [H[M> = <My [VH]0><O[A, [M> (16)
with |

HMp [WW[0> = £,(q2)(PjH-PoH) + £.(q2) (PjH4PyM)

<O[A,IM> = 1£yP,, (17)
vhore PPy +Py,, and where ft(qz) are the usual form factors.

Thus, carrying out the calculation for M+q; 32‘"1 + My one
would got (aside from the proper combinations of Cabibbo's angle)
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A12= A (qD) (fyoip) + A mAI2 2 (18)
Thus, {n the usual scheme, P(P+*l+ﬂ°) is pratically zero because

of the smallness of (m,,-mg) and of £.(q?).
Using our wave function (4), we gat instaad of eq. (17)

|A(F> rr*n'o)l—--a f {‘P ['5‘( p)m (Z”Srv+2”(,.—m )J_’_
+~‘[f () (""n*"”‘w )J-J— .._’.5-
[ £ ) vk 428, )4 () (W_ML)J} o

vhere a; was definoed in eq. (8), whereas

a-rz’?ﬁ[ Zrxt m}(”v"‘f) "‘-+ "i exr( _](20)
b lz.'::‘/x-[ M"X )a}{x H) ("-MF ”P("x"i;':‘ezj(u)

and ¢ is the phase space intecral

_
95 8T | ()

Notfice that in the limit xp+e

1lim a/de0 , 1lim b/é=]
xQ - xo*" (23)

and the frue solution (18) fs secovesed.
Neglecting nov sl] terms proportional to (n,,"'-n,,o) and to
f.(qz) and using xg=1 Cev-l ve got from eqs. (i8-22)
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JA(F +u+20)]|20.86 a;2G2f5f,(mp) cosl® (24)
Sjinco r(rFt+nta0) = [(A(Fr+ntn0)|2 ¢(ny/mp, mgmp)/16, mp, where
02(x,y) = [1-(x+y)2) (1-(x-y)?] .
we obtain
P(Prta0)=0.86 102 &, G2 fpf,(xp?) cos’®  (25)
to bs compared with (9)
r¥-A-(r*aud) = 2.0 1071 a2 62 £52 cosbe (¢

Taking f+(n2g) . 116 ve got estimates independent of fp and aj:

+ + 0
P (F +n1n)
L — 0.043

r"A'(F’o ud) (26)

Using our previous conclusion I'*A+(¥*) 2 IW-R.(pt) ve coma to
the anticipated prediction (1)

B.R.(Ft+*s0) 2 (3-4)X (27)

Of courses, the above result conld be somewhat modified should
f+(ngz) turn out to be noticeably different from 1.

Although ve have already shown a result, eq. (2), where the
agreement with the data corroborates our model, and although the
latter accomodates a large bulk of experimental data, as we will
show olsewhere7, we think it would be of great interest to huve
diroct experimental verification of our approach in the form of
its two nain predictions (1) and (14).

It 43 Intoresting to nule that eq. 7, adds s new torm in the
violation of PCAC. Thys may support one of the conclusions
roachod in ref. 17,
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It 1s quite understood that our model leads also to other
decays of the form ¥*+MM (such as p*no. otn, K¥K0* act) which do
not violate Al=) and which can also sroceod via W.R. and of which
the K*KO* has recently been seen at a fairly conspicunus rate’.
These decays can also be studied in our model and we plan to do
so at a later time.
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