CERN-TH.4737/87
PM 87/30

THE 7 > v_mt PROCESS IN AND BEYOND QCD”)

A, Bramon
Dept. Fisica Teorica
Universidad Autonoma de Barcelona
Bellaterra, Spain

S. Narison+) and A. Pich

CERN - Geneva

ABSTRACT

We estimate various sources of the t + v_mm process
by using QCD-duality sum rule information on the
decay constants of standard and exotic mesons. We
use the m > fv, decay in order to constrain the
effects of new intervactions. We conclude from our
analysis that in all cases, the 1t > v branching
ratic is small. We also point out that the present
data on the v + v_Kn process already provide an
upper limit of 0.1% on the mm mode while the
T + v KK data imply an upper limit of 0.5% if the
a0(9863—meson is a four—quark state.

*) This work has been partly supported by the DRCI
of CNRS with the France-Spain exchange program:
A.I. Quantum Chromodynamics N° 95-31-82, by the
University of Montpellier and by CAICYT {Spain)
under grant N° 1740/82.

+) On leave of absence from LPM-USTL, Montpellier,
France.

CERN-TH.4737/87
PM 87/30
May 1987



1)

4 sudden considerable interest has recently been focused™’ on the ¢+ v nm
decay, dus to the veported measurement of a 5% branching ratio by the high
resclution spectrometer (HRS) collaborationZ). The nur-system in the final state
has 1° = 1= and 3% = 0% or 1- (for s- or p-waves, respectively) and its
observation would therefore indicate a G-violation or a second-class current or
new weak interactions. In this paper, we shall not attempt to explain this high
rate obtained by the HRS, but, in turn, we will re-examine quantitatively various
possible sources of the 1 + n Tm process within and beyond the standard model.
These include the 2g{(980) = & meson in the qq and four-quark schemes, the
JPC = 1°% hybrid with odd G-parity and new non-standard weak interactions. We
also point out that the data on t + vTKn decay already provide a strong bound on
the © » v Mn process in the standard model while a measurement of the T > vTKR

can give a test of the quark nature of the ag(980).

1. - NAMBU-GOLDSTONE REALIZATION OF CHIRAL SYMMETRY AND STANDARD MODEL

In the standard model, the 1 -+ v NN process is expected to be enhanced by
the scalar resonance ap{(980). Therefore the hadronic matrix element is governed

by the ag decay amplitude normalized as:
<0/,¢7//‘Z/d’o)=ﬁﬁéofﬂ ; 1

where within the Nambu-Goldstone realization of chiral symmetry, fao is expectaed

to vanish like the current quark mass difference m —m - Thetre are several

d
estimates of fa from hadronic physics. A QCD sum rule amalysis of the two-point

correlator associated to the divergence of the vector current gives3):
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where the spectral function has been saturated by the ag{(980) plus a QCD
continuum and where one has used the combined running quark mass values obtained
from a QCD sum rule analysis of the divergence of the axial current and the quark
mass ratio obtained from low energy approaches., It is interesting that the result
in Eq. (2} is reproduced within the errors by an effective lagrangian treatment
of the same two-point correlatorle), where the divergence of the vector curresant

in terms of the pseudoscalar meson fields is:
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and the spectral function is parametrized in such a way that it reproduces the
low energy chiral realization of QCD. An estimate of f_ using the hadronic kaon
tadpole mass difference tends to give a slightly hlgheg value of 1.8 ~ 2 MeVA)
which can be interpreted as an upper bound because of the assumption of single
pole dominance used in this approach. In the same way, the SU(S)F-partner of the

ag, the Kg* (1350) = k is also expected to dominate the 0** component of the

T + VrKn process. The decay constant of the Kp* is alsco known from QCD sum

3y,
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within & narrow width approximation and for the standard value of the strange

rules to be

quark running mass. An effective Lagrangian estimate of f including width

Ko *
corractions gives a larger value of about 45 MeV approaching the pole dominance
result of 50 MBVQC). However, the most interesting observation is that different

approaches predict:
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comparable with the strength of the current wmass ratio (ms—mu)/(md-mu). Then

®
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Eq. {5) provides an unambiguous prediction of the branching ratio:
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In order to exploit Eg. (6), we use the absolute bound:
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expressing that the 1 + erO* process is smaller than the sum of all hadronic

2

Cabibbo suppressed decays of the 1. Therefore, Eqs. (6) and (7} imply:
o
g/?-&'\é?ﬁ’/,{d‘?cf/ . (8)

This bound can still be improved by stating that the t + v _Kn decay in the Q%+
channel is smaller than the sum of all Kn branching ratios which are known to be

about 1%. This gives:
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From Eqs. {(6) to (9), we want to stress that an accurate measurement of the K=x
final states in the 0%' channel which might be easier than the nm one should
provide a strong constraint on the nmn branching ratio. From the value of fao in
Eq. (3), the latter ratio is expected to be ridiculously small in the standard

model [see also Ref. 5)]
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2. - EXOTIC MESONS OF QCD AND THE 7 » v, e PROCESS

The most relevant exotic contributicns to the mm process come from possible
four-quark and hybrid (qqg) mesons. The former might still be the ag~ which has

an unclear nature, while the latter might be the p(1™*) hybrid.

If the ay is a four-quark state it can be described by the interpolating

operatorse)’7):
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where t is the mixing parameter between the two operators estimated to be about

0.2 ~ 0.4, in such a way that the model reproduces the ag + nn width. MH is an
affective normalization scale which controls the relative strength of the
four-quark operator with respect to the familiar divergence of wvector current
described by quark bilinears. One could expect that MH is typically of the order

of 1 GeV. The ap-decay constant normalized as:
4 z
(O/ 4 /40> = /595‘, Mﬂa //‘/}1 (l2a)

has been estimated to bee):

?é’ ~ 27 MY . (12b)

Then, one obtains the normalized branching ratio:
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which corresponds to ¢
-4
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The result in Eq. (13} is as small as the one in Eq. (10) which corresponds to a
aq assignment of the ag. In a four-quark scheme, we might also expect to have a
strong coupling of the ag to KK if the operator 0p [Eq. (11)] is present in the

ag-wave function. Using the estimate
f x (5~2) 6V (142)
- g

one can deduce:
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where we have used the following parametrization of the hadronic matrix element:
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The result in Eq. (14) is consistent with the experimental upper limit of 0.4%.
Instead, one can also combine the results in Egs. (13) and (14) in order to

obtain a constraint which i1s independent of MH. One obtains:

£ - Ay T
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which implies, by using the experimental upper limit on 1 -+ VTKR:

Bl > '172.?17/ < 0-5% . (15b)




Another possible source of the mn mode might be the p(1~*) hybrid because of
its negative G-parity amd because it is the lowest mass hybrid. In fact, its mass
is expected to range from [.4 to 2.2 GeV from different QCD-inspired model
approachesS), while the mass of the 07~ is of the order of 2-3 GeV. The hybrid p

interpolating field is:
~ - @ and
Of = 2 254 &
2
i4 M
to which corresponds the decay amplitude:

3
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which has been estimated to besd):
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The E branching ratio inte mm has been estimated to be about 1%8d) by using an
71-n' mixing angle of 17°. The quark part contribution of the n is chirally
suppressed like other Goldstone modes of the S and has been neglected., Therefore,

the E effect to the nm decay is:
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which for M~ » 1.4 GeV gives:
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which is still negligible for reasonable values of the scale MH. The leading
effects of the p in t-decay are given by its pn decays which correspond to
Br(7+van) less than 0.5% if MH is equal or larger than 1 GeV. However, this
contribution would be difficult to separate from the tail of aj(1**) meson which

has a mass lighter than the S meson.



3. - POSSIBLE EFFECTS OF TENSOR MESONS

One ﬁight also expect that the nm fipnal states are issued from the tensor
aé—meson, which might couple to a new spin-two weak boson., However:

a) this is unlikely due to the fact that the coupling of a tensor boson to a
fermion pair 1s a derivative coupling ;g;vaT; therefore, this effact should
be suppressed like (MT/AH)Z compared to the one mediated by a W~exchangeg)
(AH being the weak breaking or some compositeness scale); .

b) even, if there is another mechanism which enhances the n1 mode through an
az-meson, then one cannot avoid an enhancement of the pn mode which is the
dominant decay of the 32*); however, there is no excess of pm events in
t-decay as the data appear to be well described by the 1** a,-meson around the

al-mass.

4. - NEW INTERACTIONS AND THE T + vrnn DECAY

The most immediate new interaction obeying the "sacred" chirality constraint

can indeed be induced by the contact term

/ = 22 (1405 )T ,J//*/Z,/}/‘/z (20)
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where Ms-is a scalar mass.

a) If we have a universal coupling at the fermiom vertices, one can derive the

tollowing constraint from the 2% precision measurement of the x~ =+ e_ve decay

2
/2
747 < 3.6/
M Er
which implies:
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*) We thank P. Singer for this remark.



Therefore, in a chiral theory where 3§ = 1, the wn mode of the v is negligibly

small.

b) In the case of a Higgs-type coupling at the leptonic vertex, 1.e.,

gy ~ gmfoS, the constraint is weaker. The 0.1% accuracy of the 77 » p-v

measurement then gives

/?/’C-o 2 ?”jscmwﬂ < 3/0’3/,242
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which is still very small in a chiral theory. The constraints in Eqs. (22) and
(23) are as strong as the ones obt;ined in Ref. 1d) but the latter canm be
affected by the uncertain structure of.the ag. One should also mnote that the
presant accuracy on the t + v branching ratio only provides a 3% upper limit on
the © + v nm branching ratic in a chiral theory. This bound can be improved by an

accurate measurement of this decay.

CONCLUSIONS

We have discussed various eventual sources of the t » nm_ decay mode. We

deduce that in all cases the T »> v Nt branching ratio is much smaller than the

HRS dataZ).
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