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Abstract The transition rate for the Cabibbo suppressed decay D*—>x~e* v, is calculated. This allows the extractions of the form

factor | £~ (0) | and the CKM matrix element |V,

ed

| using the measured branching ratio.

Key words  Semileptonic decay, decay rate, CKM matrix element | V4!, form factor | £% (0) |

1 Introduction

The semileptonic decays of the charm mesons are theo-
retically simple to interpret because the effects of the weak
and strong interactions can be well separated. The decay am-
plitude for the semileptonic mode D*>x~ e "y, is propotional
to the product of the Cabibbo-Kobayashi-Maskawa ( CKM)
matrix element | V4!, which parametrizes the mixing between
the quark mass eigenstates and the weak eigenstates, and the
form factor | 5 (0) | describing the strong interaction be-
tween the final state quarks. The Cabibbo-supressed decay D°
—>n" ey, is illustrated by the Feynman diagram in Fig.1.
Experimentally, the Cabibbo-favored decay D°—>K~ e* v, is
well studied due to the relatively large number of reconstruct-
ed events. The Mark [l -"! finds the ratio of the CKM param-
eters | V4/V..1? and the form factor | fX (0) | based on mea-
surements of the branching ratios for both D°>K~ e* v, and
DV—n- e*v,. However, the extraction of the | f5 (0) | and
| V4l in the Cabibbo-suppressed decay D*>ne* v, has not
been obtained from the direct measurement of the branching
fraction yet. The magnitude of | V4! is derived mainly from
the neutrino and antineutrino production. With the betier ac-
curacy on | V4!, one is able to reproduce the experimental

value for | f% (0) . Therefore | V4| or | 5 (0) 1 can be

known with excellent precision, once the D*—>x~ e v, distri-
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bution is accurately measured. In the near future, CLEO-c
and BESII|

charm physics including data on D meson decays, which pro-

detectors will provide high precision data in

vide the possibility for a better understanding of the physics in

charm sector.
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Fig.1. Semileptonic decay diagram.

In this paper, we derive the trantision rate for the Cabib-
bo suppressed decay of D°—>x~ e v,. This allows us to ex-
tract the form factor | /% (0) | using the measured branching
fraction, the CKM matrix element | V4| and the lifetime of
the D’ meson quoted from PDG2!. We compare the extracted
form factor with the theoretical results predicted recently by
the lattice QCD calculation and the QCD sum rule. Converse-
ly,we determine the CKM matrix element | V4| using the

form factor predicted by theoretical models and the measured
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branching fraction. We compare the extracted | V 4| with the
value provided by PDG.

This paper is organized as follows. Section 2 gives the
derivation of the decay width. The extractions of the form fac-
tor | £~ (0) | and the CKM matrix element | V4| are present-
ed respectively in Section 3 and 4. The final section is re-

served for summary .
2 Decay width

The decay rate for the semileptonic process D>~ e* v,

is described by
1J&K1J&61J&v1

“2mp) (27)° 2B, (27)° 2E,) (27)° 2E,
| 2 12(2m)*8* (pp = pr = e — P.) - (1)
The decay amplitude . is expressed as
GF
A= Vul'H,, (2)
2 e

where Gy is the Fermi coupling constant and V.4 the CKM

matrix element. The leptonic and hadronic currents are

L# = Zus(pv))’“(l - 75)v" (p.), (3)

8,8
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T“qﬂ L f~(g*) 1, (4)

where s, s" are spin indices to be summed; | /% (¢*) | and
|/~ (¢*) | denote the transverse and longitudinal form factors
at the square of the four-momentum transfer ¢ = pp, — p.

Substituting the leptonic and hadronic currents into

(2) ,we have
|22 =Gl Va PTelp (po+ po)pex
(po+p )0 =-7)]1 11012 (5)

One can notice that only the part (pp + p,.) |/~ (¢*) ] in the
hadronic current contributes to the semileptonic process.

We integrate first the pion momentum integral in (1) by
inserting the identity

[aE0(E)0(E, - o+ w2 +
S(E.+ P2+ m2)] =1 (6)

to obtain

11 Jd3pejd3pu5[(
T 2m,y (20)% 2E.) 2E,°F NP0 T

Pe — pv)2 - mi] | A Iir:p”,pn,p». (7)

In the rest frame of the D meson, one can express the three-

momentum integrals of the electron and neutrino in terms of

their energy integrals
2

G2
I = gg | Vg |2m‘]‘3JdEeJdEv(4EeEv + mh -

my = 2myE, - 2myE,) | f7 () 12 (8)
Using the energy conservation, the four-momentum relations
¢*=(pp - p,)* and t* = (pp — p,)?* can be written respec-

tively as

E - (mlz)_ ?)?

v

~ (¢ + - m,)?

E 2mD

(9)

e

2mD

We now change integral variables in (8) using (9) as

(1_ﬂé+ﬂ§)q2_ w2 1 () 2 (10)

mp my,

By integrating ¢ integral , we obtain

G2l Vyl?
o 0= -

m2)* — Amimi]¥? | f5 (%) 1%, (11)

where the integral limits used are

I =

2 2 2 2 2 232 2 2
5 mp— @ + m_ (mD - q + mfr) - 4mDm7r
12 = 2 - 2 ’
(12)
2 2 2 2 2 232 2 2
2 mp— g+ my (mp — ¢ + mz)* - dmpm;
s 2 * 2

(13)
For the ¢ dependence of the form factor, we take the BSW

model’, that is the poledominated form of the form factor

| /< (0) |
|f’:(q2)|=1_f71q§/2nz*, (14)

where m, =2.11Gev/c? is the mass of the lowest-mass reso-
nance, f, (0) is the form factor evaluated at the four momen-
tum transfer ¢ equal to zero. By performing ¢° integral, in
which the integral limits are 0 < q2 = sz - mﬁ)z, one ob-
tains the decay width expressed in term of the CKM matrix
| V4! and the form factor | f7 (0) |

I'=3.011 V41?1 f/£~0)12x10"s7". (15)
This allows to extract | /7% (0)| or | V4!, using the measured

branching fraction and the lifetime of the D° meson.

3 Form factor | f™ (0)|

The form factor | f5 (0) | can be expressed in term of
the branching ratio, the CKM matrix element, and the P life-

time
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1
Br(D’ - et yv)
"(0) = < .
O] \/3.01 | Vo 122% x 10% 57!
If we take the PDG-2) values for Br(D’—>n~e* v.) =(0.36
£0.06)%, | V| =0.224 £0.016 and 75 = (411.7 =

(16)

2.7) x 1075, we obtain the measurement of the form factor to

be

_ L. JAByy  ,AVv  (Ary,

o= nfEBradlyy AeL g
where f=f% (0),B= Br(D°—>ae*y,), V=V, and =
9. The extracted form factor is compared with the predicted

form factors calculated most recently by various theoretical

models and enumerated in Table 1. The second column gives

| /2 (0) 1= 0.76 + 0.08 (17) the form factor predicted by QCDSR, whereas the third and
i =0.76 £ 0.08.
The error is obtained from the error propagation formula fourth columns lists the predictions of LQCD. The last column
presents the result extracted from (15) .
Table 1. The form factors.
QCD sum rulet lattice QCD->- lattice QCIS- result
+0.00 +0.01
1A ()1 0.65+0.11 0.64+0.05 0.57+0.06 0.76 +0.08

-0.07 -0.00

4 CKM matrix element | V 4l

Reversing the argument that presented in the previous
section, the measured values of the CKM matrix element | V4|
can be obtained. Namely, by interchanging the form factor

with CKM matrix element in (16) and (18), one can calcu-

late | V4! . Table 2 presents the results of | V4| obtained
using the form factors predicted by various theoretical models,
and compared with the PDG value. The second column gives
| Vg obtained by using the form factor predicted from the
QCD sum rule, whereas the third and fourth columns list the
result from the lattice QCD. The last column gives the PDG

result .

Table 2. The CKM matrix elements.
172 (0)1 QCD sum rulet lattice QCD->- lattice QCIS- PDG
+0.030 +0.041
|Vl 0.2620.049 0.266 0 002 0.299 0.224+0.016

S Summary

In this paper,we derive the transition rate for the Cabi-

n

bbo supressed decay D’ > =~ e' v,. Using the measured

branching ratio and the CKM matrix element | V4| presented

in PDG, we extracted the form factor | f [ (0) 1. In addition,
we determined the | V4| using the form factors predicted by
the QCD sum rule and lattice QCD calculations.

The authors would like to thank Prof. D.S.Du and Dr.
M.Z. Yang for helpful suggestions.
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