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We present three calculations of the absolute branching ratio for D,+ ~Pm. +. The average of the three
results is S{D,+~Pe+)=(3.6+0.6)%. We also derive an upper limit of J)(D, ~Per+) &4.S% (90%
C.L.) based only on experimentally measured relative branching fractions.

PACS number(s): 13.25.Ft, 14.40.Lb

I. INTRODUCTION

The D,+ meson, formed of a charm quark and an anti-
strange quark, plays an important role in many physical
processes. Information from D,+ decays, however, has
been limited by the lack of a de6nitive experimental mea-
surement of any absolute branching ratio. Since the Pm+

decay mode is the easiest to observe experimentally, it is
this mode that all other channels have been normalized
to. In this paper we give three difFerent model-dependent
estimates of I'D,+~Pm+) and an upper limit derived
purely from data.

rr(D,+ ) oSIS(D,+~Par+ )

o'(D )+rr(D+) o'(D )+o'(D+) (1)
uu+dd

One measurement of the relative quark popping proba-
bility has been made using the fact that the 1+ D,**+
state does not decay into D,+. Instead, the 1+ D,**+
state decays into D ' E+ and D '+E, while the 1+ D"
state decays into D'+m. and D' m [1). CLEO has mea-
sured the production cross section of both decays [2].
Using the assumption that the production process de-
pends only on the light quark flavor, they reported a
value for the ss/uu quark-antiquark popping probability
of 0.24+0.06.

The production cross sections for D and D+ mesons
have been measured in continuum e+e annihilations by
the CLEO [3] and ARGUS [4] groups, who have mea-

II. S(D,+~fn+ ) FROM MEASUREMENTS
OF THE D AND D, + 1+ STATES

The absolute Prr+ branching ratio can be estimated if
one knows the inclusive cross section for the sum of D
and D+ mesons, the product of cross section times
branching ratio for D,+~err+, rJS, and the relative
probability for "popping" an ss pair from the vacuum
with respect to uu plus dd pairs. Then

sured, in addition, crS for D,+~rior+ [5]. The data are
shown in Table I. For the D branching ratio, we use the
new CLEO measurement of S(D ~K n+ )

=(3.9120.08+0.17)% [6], which is in agreement with
an updated measurement by ALEPH [7]. For the
D+~K rr+rr+ branching ratio, we use the Mark III
measurement of (9.121.3+0.4)% [8] (see Table III).
The total cross section o (D ) +o (D+ ) equals 1.76+0. 16
nb.

To apply Eq. (1), we need to assume that the dd pop-
ping probability is equal to the uu popping probability.
The right-hand side of the equation thus becomes equal
to 0.12+0.03. We also need to correct for excited D,"+
states which decay into Do and D+ 6nal states rather
than D,+, which we call cross feed. The 1+ D,"+ cross
section of 12.3+2.0 pb is measured by CLEO [2]. We
also assume the existence of a charmed strange partner
D,'2'+ of the D'» (2460) meson that is produced with the
same ss popping probability and use the CLEO measure-
ment for the production ratio for D' (2460)/D+ of
0.10+0.03 to estimate a D,z

+ cross section of 12.7+5.3
pb. The sum of the D,"+ and D,'2'+ cross sections is
then applied as a correction to the left-hand side of Eq.
(1); i.e., the cross feed is subtracted frotn the denominator
o(D )+o(D+) and added to the numerator rr(D,+).
Thus the total D,+ production cross section is estimated
to be 184+56 pb. Using the D,+~Prr+ cross section
times branching ratio cree=8. 5+1.0 pb, we derive

&(D,+~fear+ )=(4.6+1.5 )%%uo .

The cross-feed correction has the effect of raising
8(D,+ ~Prr+ ) by 15%. Possible cross feeds from
higher-resonance states are not taken into account, but
would probably further increase the branching ratio. We
will show in Sec. V that there is an upper limit on
S(D,+~Prr+) which this estimate is already close to,
thus implying that higher-resonance states have a small
efFect.

TABLE I. Charm meson production measurements.

D ~K rr+ D ~K rr+n+ D,+ ~Prr+

III. S(D,+~fn+ ) FROM FACTOR&&ATION
IN BDECAY AND THE CLEO MEASUREMENT

OF I (D,+ @+v)/I (D,+ fear )

CLEO o% (pb) 52.0+6.4
ARGUS cd (pb) 43.8+5.6
Average cd% (pb) 47.3+4.2
Average cr (nb) 1.21+0.12

51.0+7.3
50.1+6.9
50.5+5.0
0.55+0.10

8.9+1.2
7.8+1.5
8.5+1.0

The decay rate of purely leptonic decays of charged
mesons is sensitive to the wave function overlap of the
two quarks at zero spatial separation, which is
parametrized as the meson decay constant. The decay
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rate for D, is given by the formula [9]

+I (D,+ 1+ )= GFfn mtMrp 1—
8~ S S

2
2

mI

M

600

500—

This ratio and Eq. (2) allow us to relate the decay con-
stant f~ to the D,+ ~Pm+ branching ratio as

1/2
S(D,~Pm+).

fn =(344+64) MeV .
S 3 7 o

(4)

We can get another relationship between fn and the
S

D,+~Pm. + branching ratio using factorization in two-

body B~D *D, decays. Consider two-body B decays
where there is a D'+ and another hadron h in the final
state. Factorization is the assumption that these decays
can be expressed as the product of two amplitudes, one
that describes B ~D '+ and can be measured in the
semileptonic decay B ~D'+ I vt, and another one that
couples the h to the virtual 8' . This assumption has
been shown to be approximately true for light hadrons by
Bortoletto and Stone [11] and subsequently by CLEO
[12].

Factorization can be applied to the case where the h

is a D, [11—13]. This leads to the relation

I'(B ~D'+D, )
=6m'i V„i'f 5

(dI /dq )(B D'+1 v&)i,
q =M~

(5)

where 5=0.41. Treating S(D,+~Pm+) as an unmea-
sured parameter and combining the available ARGUS
and CLEO data shown in Table II, Eq. (5) leads to the re-
lationship [14]

' 1/2

f~ =(288+64)
%(D,+ Pn+ )

MeV . (6)

TABLE II. S(B~D D, ) for S(D,+~Pm+ ) =3.7%.

Mode

D +D,
D +D
D D,

Average

Experiment

CLEO
ARGUS
ARGUS

S {%)

1.2+0.8
0.8+0.6
0.8+0.6
0.9+0.4

(2)

where I'D is the D,+ decay constant, MD is the D,+ mass,

mI is the mass of the final-state lepton, and V„ is the
Cabibbo-Kobayashi-Maskawa (CKM) matrix element,
taken to have a value of 0.9744 [1].

CLEO has recently measured the leptonic decay mode
of the D,+ into a muon and neutrino [10]. The width is
normalized to the Prr+ decay mode:

I (D,+ p+v)/I'(D, + Pm+)=0. 245+0.052+0.074 .

(3)

200

Equations (4) and (6) both depend on S(D,+ +Pm+ ), —but
in an opposite manner. Plots of the two relationships are
shown in Fig. 1. Solving the two equations gives

fn =(315+46) MeV (7a)

and

%(D, —+ (()m
+

)= ( 3. 1+0.9 )%%uo . (7b)

IV. S(D,+ ~Pm+ ) FROM PREDICTION
OF THE SEMILEPTONIC WIDTH OF D,+~f1+v

The absolute branching ratio for D,+ ~Pm+ can be es-

timated by measuring the decay width relative to the
Pl+ v mode:

VD+

S(D,+ $1+v)=9%(D+ E ' 1+v)
D

(8)

where P is a theoretical correction to account for
diFerences in the D+ ~E ' I+v and D,+ ~/1+v widths,
which are nominally equal. Two models give dÃerent
predictions for V. Scora predicts V=1.02, whereas a
value of 0.83 is given by Wirbel et al. [15]. We average
the two values and assign an error of +0.1.

This relation was first used by E691 to set a lower limit
on 2t(D,+~Pm+) from their upper limit on D,+~/1+v
decays [16]. There now are, however, several observa-
tions which supercede the E691 result (see Table III).
CLEO [17],ARGUS [18],and a new E687 [19]measure-
ment average to

r(D,+ f1+v)/r(D, + y~+) =0.54+0. 1 1 .

The ratio of the decay widths

0 i i & I i i i I

I 2 3 4

B(D', —& 4z') [Vo]

FIG. 1. Predictions for fo obtained using 8~D*D, data
S

and the factorization assumption as a function of S(D,+ ~Pm +
)

(dashed curve) and the result of the CLEO measurement of
I (D+~y+v)/I'(D, +~Pm+) (solid curve). The parallel top
and bottom curves show the 10. error limits.
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TABLE III. Experimental data.

Experiment

1 DE691 [20]
E653 [21]'
E687 [22]'
CLEO [23]
Average

0.49+0.04+0.5
0.46%0.07+0.08
0.56+0.04+0.06
0.67+0.09+0.07
0.54+0.04

$(D+~K-~+~+) (%)
9.1+1.3+0.4

I'(D,+ Pl+ v) Ir(D,+ y~+ )

&0.45 (90%%uo C.L.)
0.49+0.10 0 14

0.57+0.15+0.15
0.58+0.17+0.07
0.54+0. 11

Mark III [8)

E691 [16]
CLEO [17]
ARGUS [18]
E687 [19]'
Average

'These semimuonic width measurements are scaled up by 1.04
before averaging to correspond to the semielectronic width.

R +=I (D+ E I+v)II (D+ K m+n+}'

has been measured by E691 [20] and E653 [21] (see Table
III). Including new E687 [22] and CLEO [23] measure-
ments, we get an average value of R '+ =0.54+0.04. For
the absolute branching ratio of the decay
D+~E rr+m+, we take the MARK III [8] value of
(9.1+1.3+0.4)%. Using the new E687 [24] measure-
ment for the D,+ lifetime ~ + =(4. 7520.21)X 1 0 ' s to

S

calculate the ratio of the lifetimes ~ + jr + =0.45+0.02
S

[1],we arrive at

S(D,+~Pm+)=(3. 7+1.0)% .

V. S(D,+~Ps'+) UPPER LIMIT
FROM SUMMING ALL KNOWN DECAY CHANNELS

All known hadronic branching ratios of the D,+

mesons are measured relative to the decay mode
D,+~Pm+. The well-established modes are shown in
Table IV. These include mostly two-body modes. The

TABLE IV. Established D,+ branching ratios [1,25].

Branching ratio relative to Pn+Decay mode

1

1.01+0.16
1.2+0.25
0.95+0.10
1.8+0.5
0.29+0.09
0.42+0. 12
0.28+0. 10
0.29+0.09
0.54+0.09+0.06
1.20+0. 15+0.11
2.86+0.38+0 38

3.44%0.62+
1.8620.26 0'~

K OK+

K'+K'
K "K+
K +K*
(K K+n+ )NR
y~-~+~+
fo(975)m+
( 7T 77 7T )NR

'Qp

'g p
P

(4.6+1.5)%

Factorization
(3.1+0.9)%

Semileptonic
Width (3.7+1.0)%

Average
(3.6+0.6)%

1 2 3 4

B(D+, m 4n ) [%]

FIG. 2. Compilation of the obtained values of Xt(D,+ ~Pa+)
(%) for the three difFerent methods described in the text. The
shaded area is forbidden by the upper limit described in the
text.

branching ratios of modes including an q, an g', or a p+
in the final state are taken from a recent CLEO measure-
ment [25]. The sum of measured hadronic modes is
(17.14%1.23)$(D,+Pm+ ).

Assuming that the semileptonic widths of charmed
mesons are equal, which is observed within experimental
errors for the D and D+ semileptonic widths, and using
the measured D,+ lifetime [24], we estimate that
S(D,+ ~Xl+v) = (7.561.0)% [26].

In addition, we use the new CLEO measurement [10]
of the purely leptonic decay [see Eq. (3)] to estimate the
total leptonic branching ratio to be

S(D,+ r+v+lj, +v)=(2 45+0 90)$.(D,+~. Pn+) .

Thus the sum of all known decay modes is (15+2)% from
semileptonic decays, plus (19.6+ l.5)%(D, ~+(()n.+ ) from
hadronic and leptonic decays. This implies [27]

g(D,+~Pm+) &4.8% at 90% C.L. (9)

This result is consistent with an older Mark III upper
limit of JI(D,+~Pm+)&4. 1% at 90% C.L. [28]. The
latter result was based on measurements of relative
branching ratios which have subsequently decreased, pos-
sibly raising this limit.

VI. CONCLUSIONS

We have calculated %(D,+~Pm. +} using three in-

dependent theoretical hypotheses and distinct sets of
data. We average the three results and obtain

'JI(D,+ ~$n+ )=(3.6+0.6)% .

We also have derived an upper limit of the branching ra-
tio of S(D,+ ~Pm+ ) &4.8% at 90% C.L., using the sum

of all seen D,+ decays modes plus some clearly inferred
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modes. The branching ratios and the limit are shown on
Fig. 2. If we use S(D,+~Pm. +)=(3.6+0.6)%, we can
account for (86+13)%of all D,+ decay modes, where the
error is dominated by the error on the D,+~Pm. +

branching ratio.
The agreement between the methods is good, but it

may be fortuitous given the large errors. Assuming fac-
torization in two-body 8~D 'D, decays, we find

fD =(315+46) MeV. In any case, if even one of the
S

three theoretical assumptions used turns out to be valid,

then the result for $(D,+ —+Pn+) would imply quite a
large value for fD using the CLEO measurement of

S

D,+ ~p+v.
On the other hand, a good experimental determination

of S(D,+~Ptr+) would allow independent tests of the
theoretical assumptions made here.
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