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ABSTRACT

A naw dynamical schema of hadronicatlon for nonlaptonic decays la

proposed. As taatable consequences, new predictions over the F*

lifetime, over the branching ratio BRír^tvX) and over the decay

F*-»*N0 (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 cas* of semileptonic decays, the nonleptonlc

decays of both strange and charned pseudoscalar mesona exhibit a

somewhat irregular behaviour.

For seallcptonlc decays of strange mesons, for instance, one

has1 r(r*-MiOl+v) • r(K0L-Mi
+lv) (1-e.u): similar results have

recently been reported^ for charmed aeaons, r(D+-»Xe+v) •

• r(D°-»Xe*v).

By contrast, in the non-leptonlc decay of strange Mesons,

for instance,1 rU°,-»wi) *660 rOC*-***»0), while for chanted

Mesons one has the unexpected result3 r(D°-K~w+)/r(D°-K0»0) «2

(predicted in the usual scheme* to be tit) and r(D+-*K°K+)/

/ r(D+-*°ii+) «0.3 (pr«dicted*<0.1).

These different behaviors are presuatably due to the fact

that, contrary to leptona, quarka produced in weak interaction

processes undergo* strong interactions i.e. the essentially

unknown effects of conflneoent and hadronlzation induce this

Irregular behavior.

Various oodela and various review papers have appeared on

this subject*«5 to which the interested reader is referred.

In this letter we report sooe preliminary consequences of a

swdel whose basis. Mathematical aspects and physical conaequences

will be fully covered in forthcoming papers6»7. Here, we limit

ourselves to the most striking consequences of our scheme

concerning: i) The hadronic n decay of tt* charmed mason F*

which is predicted to occur at an unexpectedly aubstantial rate

W <r\ g*g°) . 0.043 (!. T ( F > ) . (3^)% (1)

(comparable to that of D°-MC*V)-), 11) the asaileptonic decays of

f* which turn out to b* such that

Sl/3 BR(D+-»»v)

i l i ) the I 4 llf*tim« which is predicted to I*

(2)
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or, too re precisely, in the range

x(F+) «(0.47 - 3)10"13 s. (3)

which does not seem to contradict the present limits*»*»'.

Predictions i) and ii) are, to the beat of our knowledge,

peculiar to our model. In particular, i) implies violation of the

AI"1 rule as had already bean noticed long ago*". We urge for an

experisentai 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 XQ (in the center of mass of

the decaying ceson) which we take to be representative of the

distance beyond which hadronization takes place.

The next, crucial, point, .enforcing tha confinement

postulate is the assumption that a spread of momenta pj and P2

of the quarks is possible within the distance XQ due to the

uncertainty principle. As a consequence, there will be a small

but non-tero 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

otherwise suppressed by total angular momentum conservation. In

other words, in a restricted confinement region beyond which

hadronization occurs, a quark (an antiquark) may have hellclty

-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 Halt ourselves to an Intuitive empirical

prescription on how, mathematically, the above mentioned spread

of nocenta of the quark*antiquark pair occurs over the distance

XQ. Although very naive, this prescription (which we will briefly

describe below referring the interested reader to subsequent

work6 for all tha details), leads to the prediction* which

we have already mentioned and proves Itself capable of a substan-

tiil agreement with existing data?.

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

that In the rest fraoe of the decaying meson, each of the quark'
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antiquark member of the pair produced by the weak interaction

responsible for the decay of the parent seaon is described by a

wave function of the fora

Y(x) - w(p) exp - ip.x exp. -x2/2x0
2 (4)

i.a. the quarks behave as essentially free particles within the

confinement region of dimension XQ.

To have the standard fora of the Oirac equation

(jS-n)u(p) exp(-ipx) - 0

we see that V(x) aust obey

J • * = •) f (x) - O
' x 2 ' % ' (5)

0

where the non-heraitian "potential" 1Y."X/XQ* (which diaappears

aa XQ-*» la a direct consequence of our wave function being a free

wave damped by a gaussian.

That the "potential" be non-heraitean is, physically, quite

natural. Quantua mechanically, the presence of a non-hermltean

part in the Haalltonian ia, in fact, related to the probability

being in general not conserved »» a function of tiae

£<f/T>-l<H-H*>
dt 1 (6)

Physically, this is exactly what we expect to happen if,

outside the doaain XQ, the quarks hadronice and, therefore, do

not appear as asynptotic states.

An imediata consequence of (5) is the birth of new terms

violating both the axial as well as the vector current conser-

vation* (which, again, disappear for large values of x«)
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m

It is rather straightforward to verify** that the current

violating terms (7,8) Implied by our model are generated by the

so-called spin or dipole density current** which gives a non-zero

contribution here whereas Its effect would vanish for truly free

particles.

A subtle point which we will not discuss here (see Ref. 6)

is the non-man}fest covariance of our oodel (eq. 5) which in the

present case we can ignore as we will always work in the 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 frase. Taking By-m^-O, we

get the U.A. contribution

" > u * 7; = £*•£«; ,

«here fy is the F decay constant, H is the mass of the F meson.

In (9), *i is given by

at - (2c+ + c.)/3 (10)

where c + and c. are the coefficients which appear in the effec-

tive Haoiltonlan^. The abovo term aj corresponds in the usual

vernacular4 to the transitions with the <jq in a color singlet.

He neglect here tho octet contribution which is very •mall in the

jri'fefcvut »«»». Taking XQ*1 CaV"* and a^*1.2i (corresponding to

C+-0.66, c-2.3) and letting iy vary between 200 to 600*'5'12

«• obtain
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(2.2-20) 1012 see'1 (11)

Ttking the D* decay width aa corresponding to the so-called

W.R.(W-Radiation) contribution (t(D+) - 9.2 10"13 sec)1, i.e.

r*.R.(f+) • r(D+) • 1.09 io12 sec"1 (12)

we aee that the value estimated in our model for the W.A. con-

tributions to the I* decay width is at least of the order of

twice its W.R. contribution. We therefore get

(2)

which ia in quite good agreement with the experloental observa-

tion»1 U(F+) » 2.8 I&7 10"13 sec. x(D+) « 9.2 iJ^lO"13 sec).

As one can see from (11), the W.A. contribution to the width

depends strongly on the poorly knovn parameter fp. This means

that 1(7*) can vary within the range

x(F+) -(0.47 - 3.0)x 10"13 sec. (3)

as ij varies between 600 to 200 HeV respectively. One can turn

things around and us* the experimental value for i(7*) to

estimate tj to be fF • 200 HeV.

It i» interesting to notice that the lower value we find for

x(F*) falls below the acceptance region of a recent experimen-

tal search13 of T*. One could speculate that this nay be the

origin of the negative result reported In that investigation. On

the other hand, our upper value in (3) is very close to the

values reported recently®'9.

Civen that in our model the W.A. contribution occurs only in

the non lcptonic decay, this swans that only W.X. contributes to

the semileptonic decay Implying that

As • consequence of (11) «>nd (13)
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IX S BRÍF+^tvX) S 1/3 BR(D+-»*vX) S 6Z

Aa far as we know, our model is the only one to produco these

predictions since the usual results is that the semlleptonic B.R.

of F* should be equal to that of D + and larger than the D^ one

(while, In our case, the W.A. does not contribute to the iv

channel).

Going back to our modal, we see that it violates the sum

rule fil«l which predicts A(F+-*ir+Tio)-O. In fact, using equation

(8) we get

A(F+->TI+T!0) - i f y l ^ ^ ) <*+*°|vj|0> -

2) (15)

where the first (and usual) tern is practically zero, while the

second vanishas only in tha Halt TQ-+~. That violation of Al-i

would imply F+-^u+n° was pointed out long a g o ^ whereas the

possibility that isospin symmetry be broken, has been advocated

to explain the large NNfl parity violating coupling1*. Also, the

data-* do not seem to support at all Lhe AI-1 rule leading to

A(D°-»K-n+)+V2 A(D°-K°i«0)- A(D +-K°T» +) .
Considering the evaluation of r(P+-*-Tt+n°), we recall that,

according to the usual scheme15, the W.A. contribution to

M-+MJ+M2 is given by

<M1M2|H|M> - <M1K2|V»
i|0><0|Au|M> (16)

with

<MlM2|V^|0> - f+(q
2)(P1»'-P2

M) + f-(q2) (P1
M+P2M)

<0|AM|M> - ifMPM (17)

whore PM"Pjp+P2u»
 and where fj(q2) are the usual form factors.

Thus, carrying out the calculation for H->q} ̂ 2"*M1 + ^2 one

would get (aslda from the propor combinations of Cablbbo's angle)
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f!(q2) t^

Thus, In the usual schema, r(K+-*n+Ti0) io protically eero because

of the snallnesa of (B^+'B^Q) and of f.(q2).

Using our wave function (4)» we gat instead of eq. (17)

Infl*

where *i was defined in eq. (8), whereas

and t is the phase space integral

T Six

(20)

Notice that in the limit x0*-

l i o a/ii-0 , l in

*Q-*~ *Q-

and tiiw fmti «olutioii (18) 1» i«ci>v«ied.

Neglecting now a l l terns proportional to (itt,,*-^) and to

f.(i}2) and using XQ-1 CeV"1 we get from eq». (19-22)



CB1T-NT-016/Í17

- 8 -

|A(F+-T,+,0)|2-O.86 aj^fpf^ny) cos^e (24)

Slnco rír+^+n0) - |U(rW-fl°)|2 •(mT,/mF, m̂ râ /ló,, nf. where

^ U . y ) - H-(x+y)2) (l-(x-y)2]

we obtain

r(r+-^i+»°)-0.86 10"2 ax G
2 fyf+(icr

2) cos''e (25)

to be compared with (9)

rw-A-(F+-nid) - 2.0 10"l a j 2 G2 fy
2 cos*9 (7)

Taking f+(m
2p) • l1^ we get estimates independent of fy and â i

0.043

Using our previous conclusion rW'A'(F+) t fW.R.^jr+j wo cone to

the anticipated prediction (1)

(27)

Of course, the above result could be somewhat modified should

f+(np2) turn out to be noticeably different from 1.

Although we have already shown a result, eq. (2), where the

agreaoont with the data corroborates our oodol, end although the

latter accomodates a large bulk of experimental data, as we will

show olsewhere7, we think it would be of great interest to h*tve

direct experimental verification of our approach in the form of

its two oain predictions (1) and (14).

Zt is interesting to nulu that eq. 7, adds a new torn in the

violation of PCAC. Thys nay support one of the conclusions

reached in ref. 1/.
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It is quite understood that our model leads aluo to other

decays of the form T*-HR (such as p+n°, p+n, 1CÍC0* ect) which do

not violate ÂI-1 and which can also proceed vis W.R. and of which

the K4K°* has recently been seen at a fairly conspicuous rate'.

These decays can also be studied in our model and we plan to do

so at a later time.
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