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ABSTRACT
A new dynamical scheme of hadronization for nonleptonic decays is

proposed. As testabla consequences, new predictions over the Ft

lifatime, over the branching ratio BR{F*+4vX) and over the decay
Frawtn0 (implying violation of the AI=l rule) are given.

. * - .
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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 bahaviour. |

For semileptonic decays of strange mesons, for instance, one
has! T(x*+al1*v) » Ik +v*1v) (i=e,u); similar results have
recently been reported? for charmed mesons, TI'(D*+Xe*v) =
= T(D0+Xetv).

By contrast, in the non-leptonic decay of strange mesons,
for instance,l P(Kos*mt) w660 T(k*+u*tw0), while for .charmed
mesons one has the unexpected resultd F(D0-Kk~w*)/r(D0+K0x0) »2
(predicted in the wusual scheme® to be 218) and I(D*+K%*)/
{ T(D*+K0n*) 0.3 (predicted®<0.1).

These different behaviors are presumably dua to the fact
that, contrary to leptons, quarks produced in weak interaction
processes undergoe strong interactions 1i.e. the essentially
unknown effects of confinement and hadronization induce this
irregular behavior.

Various models and various review papers have appearad on
this subjectavs to which the interested readar is referred,

In this letter we report some preliminary consequences of &
model whose basis, mathematical aspects and physical consequences
will be fully coverad in forthcoming paper-6'7. Here, wa limit
ourselves to the most striking consequences of our schewme
concerning: 1) The hadronic wn decay of the charmed meson Ft

which is predicted to occur at an unexpectadly substantial rate

+
«{F

BR (F's ' X)) « 0.043 (1.

)
))- {3-4)% (1)

v {D*

(comparable to that of pO+k*u")3, 1i) the semileptonic decays of
F* which turn out to be such that

BR(F*+X2v) s$1/3 BR(DY+Xtv)
1i1) the F* lifetime which is predicted to be

(DY) 2 3 «(FH) (2)
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or, more precisely, in the range
w(Ft) = (0.47 - 310713 4, (3)

which does not seem t¢ contradict the present linitsl» 8,9,

Predictions 1) and 1i) are, to the best of our knowledga,
peculiar to our model. In particular, i) implies violation of the
AI=1 rule as had already been noticed long asolo. Wa urge for an
experimental check on them,

The starting point (quite generally acceptad) is that the
quark-antiquark pair produced in the weak decay of a mason behave
as freea particles over a distance xj (in the center of mass of
the decaying meson) which we take to be representative of tha
distance bayond which hadronization takes placae.

The next, crucial, point enforcing the confinement
postulate is the assumption that a apread of monnnta'gl and 35
of the quarks 1is possible within the distance x; due to the
uncertainty principle. As a consequence, there will be a small
but non-zero contribution of momenta distributions when the two
quarks are produced in the same emisphere. This will enhance the
gso-called W-annihilation graphs (W.A. hereafter) which are
otherwise suppressad by total angular momentum conservation. In
other words, in a restricted confinement region beyond which
hadronization occurs, a quark (an antiquark) may have helicity
-1(+1, raspectively) 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 limit ourselvas to an intuitive empirical
prescription on how, mathematically, the above mentioned spread
of momenta of the quark-antiquark pair occurs over the distance
xp. Although very naive, this prescription {(which we will briefly
describe below referring the interested reader to subsequent
work® for all the details), leads to the predictions which
we have already mentioned and proves itself capablé of a substan-~
tial agreement with existing data’.

To implement the above ideas, we will, specifically, assume

that in the rest frame of the decaying meson, each of the quark-
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antiquark member of the pair produced by the weak intaeraction
responsible for the decay of the parent meson is described by a

wava function of tha form
¥(x) = w(p) exp - ip.x axp. -12/2x02 {(4)

i,e. the quarks behave as essantially free particles within the
confinement region of dimension xg .

To hava the standard form of the Dirac equation
(p-o)w(p) exp(-ipx) = 0

we see that ¥(x) must obey

B T
(1v 3” « 12

xoz -m} ¥(x) =0 (5)
whera the non-hermitian "potential" {?filxoz {which disappears
as xg*~ is a direct consequence of our wave function being a free
wave damped by a gaussian.

That the "potential" be nop-hermitean is, physically, quite
natural. Quantum mechanically, the presence of a non-hermitean
part in the Hamiltonian is, 1in fact, related to the probabllity

being in general not conserved as a function of time

.d.. <Yy/e> = L <H-H+>
at i (6)

Physically, this is exactly what we expact to happen if,
outside the domain x5, the quarks hadronize and, Itherefora. do
not appear as asymptotic states.

An immediate consequence of (5) is the birth of new terms
violating both the axial as well az= the vactor current conser-

vations (which, again, disappear for large values of xo)
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—

3‘ c})lb/s}/‘q,=_ tf}-p-;.(au-rm?@"xg‘f; N

=2 P Ly il )Py

N

It is rather strajightforward to varify6 that the current
violating terms (7,8) implied by our model are generated by the
sco~called spin or dipole density currentl! which glves a non-zero
contribution here whereas its effact would vanish for truly free
particles.

A subtle point which we will not discuss here (see Ref. &)
is the non-manjfest covariance of our wodel (eq. 5) which in the
present case we can ignore as we will always work in tha rest
frame of the decaying meson.

We now use the wave function (4) to evaluate the implicit
F¥+ud W.A. decay width in the F* rest frame. Taking m,=m4=0, we
gat the W.A. contribution

N Eud) =& ,ja:ﬁ;; ‘o .

% uf(%ﬂ*’)-;(ﬁ;x.+z-a-x.m)m(-ﬁ;-vj

where fyp is the F daecay constant, M iz the mass of the F meson.

In (9), a; is given by

1= (2e4 +c)/3 (10)

where c, and c_ are the coefficlents which appear in the effec-
tive Hamiltonian?. The above term a; corresponds in the wusual
vernacular’? to the transitions with the qq in a color singlet.
We neglect here the octet contribution which 15 very small in the
present case, Taking xg=1 Gev™l and aj=1.21 (corresponding to
cy=0.66, c_=2.3} and letting fy vary between 200 to 6004+5,12 MEV
wa obtain
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_r“-*-(r++u3) v (2.2-20) 1012 goc~! (11)

Taking the D decay width as corresponding to the so-called
W.R.(W-Radiation) contribution (t(D*) = 9,2 10713 gec)l, i.e.

™-R.(rt) » r(D*) » 1.09 1012 gac-1 (12)

we see that the value estimated in our model for the W.A. con-
tributions to the F* decay width is at least of the order of
twice its W.R. contribution. We therefore get

(Dt) 2 3t(rh) (2)

which is in quite good sgreement with the axperimental observa-
tionsl (x(¥*) = 2.8 :0.1'9 10713 gec, ©(D*) = 9.2 é;ﬁm‘” sec).

As one can see from (11), the W.A. contribution to the width
depends astrongly on ths poorly known parameter fy. This means
that t(F*) can vary within the range

«(F*) =(0.47 « 3.0)x 10713 gec. (3)

s fgp varias between 600 to 200 MeV respactively. One can turn
things around and use the experimental value for <(FY) to
estimate fp to be fy » 200 Mev.

It is interesting to notice that the lower value we find for
<(¥*) falls below the acceptance region of a recent experimen-
tal search!d of ¥*. One could speculate that this may ba the
origin of the negative result reported in that investigation. On
the other hand, our wupper value in (3) is very close to the
values reported racnntlys'g.

Givan thaé 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

r(pt=xev) = r(o04fv) = r(rrsxev) (13)

As a consequence of (11) and (13)
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1Z S BR(F*+2vX) $ 1/3 BR(D*+2vX) < 6% (14)

As tht as we know, our model is the only one to produce these
predictions since the usual results is that the semileptonic E.R.
of ¥* should be equal to that of D and larger than the % one
(while, in our case, the W.A., does not contribute to the £&v
channel).

Going back to our modal, we see that it violates the sum
rule AIwl which predicts A(F++ﬂ+1°)-0. In fact, using aguation
(8) we gat

AP +ta0) = 1fp0(my-my) <x*nC|ud|0> -
—2<|+10167:;E|0>I102] (15)

whera the first (and usual) term is practically zero, while the
second vanishes only in the limit xp*=, That violation of A4lsl
would imply Fronts®  was pointed out long agolo whereas the
possibility that isospin symmetry he brokan, has been advocated
to explain the large NNI parity violating couplinglﬁ. Also, tha
data3 do not seem to support at all the AI=l rule leading to
A(DO+x=w* )42 A(DO+KOn0)m A(D*+KOxT).

Considering the evaluation of r(F*-»vtw0), we recall that,
according to tha wusual schemels, the W.A. contribution to
M+M 447 is given by

<M1 My [H[M> = <My |VH{0><0 |4, [M> (1)
with

M [VH]0> = £,(q2)(P H-B,M) + £.(q?) (B)H+ByH)

<O{A,|M> = 1£yP, (17)
where P =P +P5,, and where ft(qz) are the usual form factors.

Thus, carrying out the calculation for M+q; q*M; + M; one
would get (aside from the proper combinations of Cabibbo's angle)
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|AIZ= GU£(e?) (afiy-mpp) + (a?) m?)? 552 (18)
Thus, in the usual scheme, r(rtrata) 1e pratically zero because

of the smallness of (myy-m,g) and of £.(q%).
Using our wave function (4), we get instead of aq. (17)

[a(F*s w*r9)) = & Lf {5-2::‘? (g Dt (2wt 2 - ,.)J
s[5 k) o )] + 858
e (u,:) wp 425 () 4 (m ) m? (««,,+- ’"ﬂf o

where a; vas defined in eq. (8), whereas

s tr"/"[_ 2mig x. 5'( ‘7"E)"- *, ':9ex|° -x'%'ﬂzo)

et Zelfz). (;;,-,— SN

and @ is the phase space integral

)
¢ T8 (22)
Notice that in the limit xg-w

iim a/é=0 , 1lim b/é=l
xg+e T han {23)

and the free solution (18) is recovered.
Neglecting now all terms proportional to (m‘+-m“°) and to
£.(q2) and using xg=1 Gav-l ve get from eqs. (19-22)
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|a(rt+ut0)[2m0.86 a)26255f, (mp) cos’e (24)
Since M(Fr+nts0) = {(A(F*+4*0)[2 0(my/mp, mpmp)/16, mp, where
#(x,y) = [1-(x+y)2) (1-(x-y)?]
we obtain
M{(F*+u*x0)=0.86 10°2 a; G2 fpf,(mp?) cos’e (25)
to be compared with (9)
™A (Ftaug) = 2.0 1071 442 62 £,2 cose (7)

Taking f+(nzr) bt 116 yo get estimates independent of fp and at

+* + 0
T (F «np)

Q.043
Using our previcus conclusion I':A.(¢*) 2 '.R.(¥*) ye come to
the anticipated prediction (1)

B.R.(Ft+ntx0) 2 (3-4)% (27)

Of course, the above result could be somewhat modified should
f4(mp?) turn out to be noticeably different from 1.

Although we have already shown a result, eq. (2}, whera the
agresment with the data corroborates our modal, and although the
latter accomodateas a large bulk of experimental data, as we will
show elsewhere’, we think 1t would be of great intereat to have
direct axperimental verification of our approach in the form of
its two main predictions (1) and (14).

It is interesting to note that eq. 7, adds a new term in tha
violation of PCAC. Thys may support one of the conclusions

reached in ref. 17.
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It 1s quite understood that our model leads also to other
decays of the form Ft+MM (such as p+'llo. p"'n. KHo* act) which do
not viclate AI=]l and which can also proceed via W.R. and of which
the K*X0* has racently been seen at a fairly conspicuous rate?.
These decays can also be studied in our model and we plan to do
80 at & later time,

Aknovwledgments:

We thank J.L. Basdevant for illuminating suggestions.
Useful discussions with V. de Alfaro, M. Anselmine, G. Borreani,
B. Brabson, F. Caruso, H.Y. Cheng, H. Ogren and and M.A. do Rego
Monteiro are also gratefully aknowledged. Two of us (I.B. and
J.T.) would also like to thank the Dipartimento di Fisica Teorica
dell'Universita’ di Torino for its hospitality.



CBPF-NF-016/87

1)

2)

3)

4)

5)

6)

7)

9)

10)

=10+

REFERENCES

Data Particle Group P.L. 170B (1986) 1.

R.M. Baltrusaitis et al. "A Direct Measurement of Charmed DV
and DO Semileptonic Branching Ratios-SLAG-PUB-3532-(1984).

R.H. Schindler (Mark IIT, "New Results on Semileptonic -and
Hadronic D Decay at the ¥", talk presented at the Int. Euro-
physics Conf. on High Energy Physics, Bari, Italy, 1985.

R. Rilckl, Weak Decays of Flavours. CERN print (1983).

F. Palmonari - R.N.C. 7 (1984) 1.
L.L. Chau - Phys. Rep., 95C (1983) 1.
H. Fritesch and P. Minkowski - Phys. Rep. 73C (1981) 67.

J.L. Basdavant, I. Bediaga, E. Predazzi and J. Tiomno:
forthcoming paper.

I. Bediaga and E. Predazzi: Forthcoming paper.

N. Ushida et al. P.R.L. 56 (1986) 1767.

C. Jung et al. P.R.L. 56 (1986) 1775.

V. Luth "Lifetime of Heavy Flavour Particles" CERN Preprint
EP/85-142 (1985).

J.C. dos Anjos et al. Exp. E69l: Lifetime Measurements for
b*, D0 and F*, preprint (1986).

See M. Gilchriese, Rapporteur talk at the XXIII Int. Conf. on
High Energy Physics, 16-23 July (1986), Berkeley.

M.B. Voloshin, V.I. Zacharov and L.B. Okun: JETP Latt. Vol.
21 n. 6 (1975) 183,



11)

12)

13)

14)

15)

16)

CBPF-NF-016/87

G. Kalléen "Rlementary Particle Physics" - Addison-Wesley
Publishing Company, INC (1963).

J. Bjorken and S. Drell “Relativistic Quantum Mechanics".
Mc Graw - E{ll Book Company (1964).

J.J. Sakurai "Advanced Quantum Mechanics" Benjamin Inc.
(1967).

I. Badiaga, E. Predazzi, A.F.S. Santoro, M. Souza and
J. Tiomno: Nuovo Cimento 81A 485 (1984).

M. Aguilar Benitez et al. P.L. 156B (1985) 444; see in
particular, fig. 2.

J.G. Korner, G. Kramer and J. Willrodt - P.L. 81B (1979) 2365.
B. Guberina, D. Tadid and J. Trampetid - N.P. B152 (1979)429.
F. Buccella, M. Lusignoll, L. Maiani and A. Pugliese -

N.P. B152 (1979) 461.

M. Milofevié, D. Tadid and J. Trampetic - N.P. B187 (1981)
514,

A.J. Buras, J.M. Gerard and R. Rickl - "1/N Expanaion for
Exclusive and Inclusive Charm Decay". MPI - PAR/PTh 41/85
(1985).

17) U. Baur, A.J. Buras, J.M, Gerard and R. Rickl - Preprint MPI

- PAR/PTh 16/86 (1986).



