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~v Decay Signature for Detecting F 'a-nd 8-' Mesons in e+e Collisions
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The decay modes E(cs), B(bu, bc) Tp are proposed as triggers for e+e EE,BB pro-
duction. Decay branching fractions of order B(E)~ 15% and B(B)~ (1 to 2) 10 are estimated.
The sequential 7 e vv, pvv decays provide clear signatures, with the hadronic decay of
the associated E, B carrying exactly half the energy. These triggers can be extended to
study E* and B* resonance production and also to exploit the T n. v, p v, A~& decays.

PACS numbers: 13.65.+i, 13.20.Jf, 14.40.Pe

The detection of F (cs) mesons in e'e experi-
ments has proved to be difficult. The detection
of B (bq) mesons will likely be difficult also be-
cause of small decay branching fractions into
quasi bvo-body modes, ' and the difficulty of iden-
tifying charm-particle decay products. The pur-
pose of this Letter is to draw attention to the pro-
mise of vv decay as a clear signal of FE or BB
production, especially near threshold. Our pro-
posal is based on branching fractions B(F' -~v)
= 0.15 and B(B' -~v) = 0 02, for. which estimates
we give arguments later. The key element is se-
quential leptonic v -e vv, p, vv decays with com-
bined branching fraction 0.36, that convert the
original E or B meson into one charged lepton
and three neutrinos. In the class of events with
one 7 v decay and one hadronic decay of the pro-
duced I'I or M, exactly half of the available en-
ergy is hadronic, while the other half is leptonic
and mostly invisible. The signature is thus very
clear: one charged lepton plus E(hadrons) =

& v s.
Also, for production near threshold, the net had-
ronic momentum will be small. The invariant
mass of the hadrons should be exactly m„or m~.

The background from e'e —v7 should be easily
distinguished both by E(hadrons) & —,

' v's and m(had-
rons) &m, . We believe that triggers of the kind
proposed here have not been exploited in the past,
because of cuts Z(hadrons)»-, 'fs imposed to
eliminate beam-gas backgrounds. However, the
events under discussion will not look like beam-
gas events because of their net hadronic momen-
tum, which is not constrained to be in the beam
direction and is small near threshold. Our trig-
ger requires large solid-angle acceptance to re-
duce background from events where some parti-
cles miss the detectors. It also requires that
neutral hadrons be detected. The background

from e'e -e'e X events where one electron es-
capes detection gives predominantly hadronic
states X of low invariant mass, unlike the trig-
ger of interest.

The 7v trigger can also be exploited, with mi-
nor modifications, to study resonance production
such as e'e -&&*with&*-Bw or By. The se-
quential modes 7 -nv, pv, A, v can also be em-
ployed in a missing-energy trigger; in these
cases an identified charged m, p, or A. , can play
the same role as the charged lepton did in the
purely leptonic mode.

For the tagged events obtained as indicated,
further checks may be made through the distinc-
tive distributions of the charged particle originat-
ing from the ~ decay. For this purpose we pre-
sent the relevant calculated distributions below.

For a pure. leptonic decay IJ- ~v for pseudosca-
lar H(Qq) =F(cs),B„(bc7),B,(bc), the decay rate is

=
I Uo J 'GF'fs'm„m, '(1 —m, '/m„')'/8m, (1)

where U~, is the Kobayashi-Maskawa mixing ma-
trix' and f» is the meson decay constant. Informa-
tion about the mixing angles has been deduced
from analyses of K -K mixing '~ and from Cabib-
bo-suppressed D' decays. ' The favored values of
V„are3 5~

[U,,I
= o.97,

[U,„[=o.ov-o. 12,

IU„I= 0.13-0.16.

For our estimates we use the central values of
these ranges. For the E-decay constant, we as-
sume fz=f~ and take fz, -—0.43 GeV as determined'
from D*"and D" electromagnetic mass split-
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FIG. 1. Invariant distributions dN/dy iny =pz ps/ms, where pz is the momentum of the charged particle emit-
ted in the 7 decay stage of H &~. The curves ilt. ustrate the cases &=E(c's) and H=B„(bu), with 7' ev7, n v, pv,
and A&v. In the H rest frame y =El, /mz, where Eh is the charged-particle energy.

I'(&-rv)=4. 7xlo" s ',

I'(B„-Tv) = 2.4 x10 s

I'(B,-vv) =7.7x10" s '.
(3)

For the total widths, we rely on theoreticalE-
meson' and B-meson' lifetime calculations which
give

7.(F+)-(2-4)X10 ' s,

~(8„)- (5-10)x 10 "s,

r(B )-(1—3)x10 '4 s.

(4)

In the B case these calculations have not included
annihilation-diagram contributions which may re-
duce these lifetimes somewhat. From Eqs. (3)

tings. For the B„decay constant we take fs =0.5
GeV, from theoretical calculations, ' and assume
the same value for B,. With the above inputs, and
masses m F = 2.03 GeV, m~ = 5.3 GeV, m~ = 6.7
GeV, we obtain

and (4), we obtain branching fractions

B(E-7.v) ™(10-20)gp,

B(B„-7 v) ™(1-2)%,

B(B,— )7v(1-2).%,-

that are within the range of feasibility. In parti-
cular, the B„branching fraction compares favor-
ably with inclusive g-decay estimates" of a few
percent, the detection of which involves a factor
B((-Itp. , ee) =0.07. Moreover, the study of v v

decay modes, combined with experimental meas-
urements of lifetimes, will provide a measure-
ment of the decay constants f~ and fs, which
are of considerable theoretical significance.

As a cross-check on the identification of vv
modes from the missing-energy trigger and the
invariant-mass constraint, the invariant distribu-
tion in y =p„p„/m„' can be measured, where p„
is the momentum of the charged particle with
mass m„emitted in 7 decay. For H produced at
rest, y =E„/m„and dN/dy is the energy distribu-
tion. In an arbitrary frame dN/dy is related to
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the conventional invariant rate by

dN/dy = [4mmH(y'm„' —m„')'/'] E„dN/d'P „.
In terms of R =(m, /ms)' and r =(m„/m, )', with m, =m& =0, the various dN/dy distributions (normal-
ized to unity) are

+[(1+2R)/R2]y2(3 —4y), 0 &y &j2R,
dN(e, it)/dy =

f[(3—2R)/(1 —R)'j(l —2y)'(1+ 4y), pR - y &~a',

dN(n)/dy = 4[2y —(r +R)]/[(1 —R)s(l —r)'], a(R+r) &y & —,'(1+rR);
dN( p, A, )/dy = 4[2(1—2r) y + (2r'R +x —R)]/[(1 —R)'(1 —r)'(1+ 2r)], 2(R +r) &y & —,(1+rR)

The dN/dy distributions for F and B decays to 7 v are shown in Fig. l.
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Using parton-model concepts together with data on resonance production in proton-
proton interaction, we present a model for p-p elastic scattering and total cross sec-
tions. The energy dependence is the result of gluon-gluon ~nnihilation. The comparison
with experiment shows remarkable agreement.

PACS numbers: 13.85.Dz, 12.40.Cc, 13.85.Kf

Inspection of the experimental data for hadron-proton reaction products indicates an expected divi-
sion into central production and beam or target fragmentation. ' For example, in K-p reactions one
finds a substantial component of the vector meson K*(890) in both the central and fragmentation re-
gions whereas for p-p interaction there is no significant beam fragmentation component for K*(890)
production.
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