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Abstract

The decay constants of pseudoscalar heavy mesons sfdle are computed by means of the relativistic (instantaneous)
Salpeter equation. We solved the full Salpeter equation without making any further approximation, such as ignoring the small
component wave function. Therefore, our results for the decay constants include the complete relativistic contributions from the
light and the heavy quarks. We obtaiiy, ~ 248+ 27, Fp ~ 230+ 25 (DO, DF), Fp_ ~ 216+ 32, F ~ 196+ 29 (B0, B*),

Fp, ~ 322+ 42 andF,, ~ 292+ 25 MeV.
0 2004 Elsevier B.VOpen access under CCRY license.

1. Introduction decay constants play an important role. Further, the
decay constant plays an essal role in the neutral
D—-D or B—B mixing process.

Up until now, the only experimentally obtained val-
ues of the decay constants are thos&'gf and Fp,.
The first value is)+ = 3007133780 MeV by BES[1],
with very large uncertainties. The experimental values
of Fp, have been obtained from bofy, — v, and
Ds; — tv; branching fractions by many experimen-
tal collaborations (Ref42-11]). They are shown in
T E-mail addressesgorazd cvetic@usm. €5, Cvets), Table 1 The central values from variou; experiments
cskim@yonsei.ac.KC.S. Kim),glwang@cskim.yonsei.ac.kr range from 194 to 430 MeV. The experimental uncer-
(G.-L. Wang),ngw@dgu.ac.k(W. Namgung). tainties in each experiment are large, even in the most

The decay constants of mesons are very important
quantities. The study of the decay constants has be-
come an interesting topic in recent years, since they
provide a direct source of information on the Cabibbo—
Kobayashi—-Maskawa matrix elements. In the leptonic
or nonleptonic weak decays @& or D mesons, the
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Table 1 = 2 = )
Summary of the experimental determinations of the decay con- g r:;: § =z ?_a ; &
stantFp, = = 3 g g 8 3
Ref. Fp, (MeV) £ &4 A & & 2 =
[2] WA75 1993 232t 45+ 52 /I : = 8 2
[3] CLEO | 1994 344+ 37+ 52442 5 1
[4] E653 1996 194- 35+ 20+ 14 5 !
[5] L3 1997 309+ 58+ 33+ 38 = 200 + + + + + ]
[6] DELPHI 1997 330k 95 . {
[7] BES 1998 4307130+ 40 o, ]
[8] CLEO Il 1998 280+ 19+ 28+ 34 wr PP U A &
[9] BEATRICE 2000 323-44+12+34 P & &P &

[10] OPAL 2001
[11] ALEPH 2002

28644+ 41
285+ 19+40
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Fig. 1. World average of the quenched lattice estimatefSgof

recent measurement, by ALEPH1] (Fp, = 285+

|1:9 ih40 I\I/Ie\/_), Z\VIEIIIECIDHr’]aS the smallest Lrj]ncertalnkt)y. uncertainties are still large. Precise experimental re-
urther, also in S measurement, the contribu- i with uncertainties of only a few per cent will

t|k(1)n froml thel decasth.—; ".w’f_'y l!silgnored. Unh(l;e hi be obtained soon. Therefore, more precise calcula-
the tree level case which is Helicity-suppressed, this ;o \ith different models are and will continue to
radiative decay does not have the Helicity suppres- be needed
sion. Tlherefore, thlshraglatlveh_decay may cdontrlbute In this Letter, we present results of a relativistic cal-
sr:-:‘vera per cen_t to ttJle r:anc ng rﬁ[ﬂd],lan ][n?]y d culation of decay constants in the framework of full
thus cause a S'ZT:a ec alnge n the value o the he'SaIpeter equation. The full Salpeter equation is a rel-
cayBccl)InstE(;anng T ortunat; Y, Tlew ((ja)((:pLeErlgﬁentsnsqc ativistic equation describing a bound state. Since this
as belle, Ii afr, eve_ltrpn dun fan 4D “CWITGVE  jethod has a very solid basis in quantum field theory,
us a wealth of precision data fa§ and D MesONS  j; js yery good in describing a bound state which is a
soon, and will determine the decay constants to a few relativistic system. In a previous pag6], we solved
per cent. ) ) the instantaneous Bethe—Salpeter equdfi@h which
Many theoretical groups are working on the calcu- 5 o154 called full Salpeter equatidas]. After we
lation of the dec_ay constants, using dlﬁ‘ergnt methods, solved the full Salpeter equation, we obtained the rel-
fo(r:elz:;<ample, I?tt'ce qléauhm chromc_)dlynarglcls (SCD)' ativistic wave function of the bound state. We used
Q_ sum rules, and the p_otentla model. Here We s wave function to calculate the average kinetic en-
give a few c_omm_el_"nts especially on the method of lat- ergy of the heavy quark inside a heavy mesonin 0
tice QCD’ since I sa method that. gIves a means for state, and obtained values which agree very well with
performmg.ﬁrst principles calculations starting from recent experiments. We also found there that the rel-
QC[?' InhF|g. 1Id(taken fromf I?}ef.[li%]), F’:\sda:n ex- ativistic corrections are quite large and cannot be ig-
ample, the world average of the quenched lattice re- 016, |n this Letter we use this method to predict

SUIt.S for F, [14’1.5] is shown. Ffom this figure, we the values of decay constants of heavy mesons’in 0
notice that they give a stable estimate of the decay tate

constantFp_ over several years. Since the quenched '

calculations have an unavoidable uncertainty due to

guenching and they assume approximately the same

quenching error, their uncertainties still remain un- 2- Decay constantsof 0~ state

changed and not small over the last several years

of work. More precise predictions are still not avail- In this section, we will calculate the decay con-
able. Decay constants of other mesons calculated bystants of heavy mesons in Gstate by using the full
lattice methods face the same problem &g, the Salpeter method. In the previous paf8], we wrote
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the relativistic wave function of 0 state as:

P15,(q) = |:P§01(67) + Mpp2(q)

My (wg — wg)

(mgwo +mowy)

(a)Q + wq) ]
(mgwg +mowq)
wherem g, my and My are the masses of the heavy
quark, light quark, and the corresponding heavy me-
son; pp and p, are the momenta of the constituent
quarks, andP the total momentum of the heavy me-
son.q is the relative momentum of the meson defined
as

—qd192(9)

+4 . Pp1(q) 1)

q=po—a1P=a2P — py,
where

m m
alziQ o = d

mo—+my’ mo—+my’

thewgp andw, are defined as

wQE,/mZQ—qJZ_, qu,/mg—qi,

where the orthogonal pagt, of momentumy is de-
fined as

q" = q” + QJ_’

q” = (P 'Q/MI%I)PH» qi =q" _Qﬁl~
In the center-of-mass system of the heavy meggn,
and g, turn out to be the usual componerits, 0)
and(0, §), andwg = (m%, + 4% andw, = (m?Z +
g %12, Wave functionsp1(q) ande2(g) will fulfill the
normalization condition

wg —wWg Mg —nmy
M
/ 2 )34<p1(q)g0z(q) H{ o —m, + Py
2q2(meQ +wgmyg) oy @)
(womg 4 wgmg)? H’
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The relation between the instantaneous wave function
P1s, (¢) and the Bethe—Salpeter wave functigiy)

is p15,(@) =i [ dqox(q) In our calculation, Cornell
potential, a Imear scalar interaction plus a vector inter-
action is chosen as the instantaneous interaction ker-
nelv:

V(@)= V5@ + 102 r°Vu(@),

V<*>——(A+v)a3<*)+ A

s\q) = E 0 q ;m,
2 a4@

Vu(g) = 32 G2+ a?) (4)

The coupling constant;, () is running:

127 1

o (q) =5 ————
I 27 Iog(a+—)

Here the constants, «, a, Vo and Agcp are the para-
meters that characterize the potential. In RE®)], we
obtained the following best fit values of the input pa-
rameters by fitting the mass spectra for heavy mesons
of 0~ states:

a=e=27183  «=0.06GeV,
Vo=-060GeV, 1=0.2Ge\,
Agcp=0.26 GeV and
my=5224GeV.  m.=1.7553 GeV
my =0.487 GeV,  mg=0.311Ge\,
my, = 0.305 GeV.

With this parameter set, we solved the full Salpeter
equation and obtained the eigenvalues and the eigen-
function of the ground heavy Ostates. We will not
show here how the full Salpeter equation is solved
and what the calculated mass spectra are, interested

and they are the eigenfunctions of the heavy meson reader can find them in Ref16]. We can use the

obtained by solving the full Salpeter equation, which
is the instantaneous approximation of the Bethe—
Salpeter equation:

Bo—mo)x(q)(pg +mgq)

[ d%
/ (2m)

Vip, k. q)x k). (3)

obtained eigenfunction of heavy mesons to calculate
the decay constarftp. The decay constant is defined
as

®)

which can be written in the language of the Salpeter

(O1q1Yny5q2|P) =i Fp Py,
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Table 2
Decay constants of heavy Omeson (in GeV) as predicted by the relativistic Salpeter method
Fp, i, Fiy I, Fe Fp, Fp, Fp,
322 216 197 196 292 248 230 230
Table 3
The theoretical relative uncertainties, obtd as explained in the text, in per cents (%)

B By By By Ne Dy Dy Dy
AFp/Fp +13 +15 +15 +15 +86 +11 +11 +11
Table 4

Recent calculations by other methods. Here PM means potential nB#leleans Bethe—Salpeter method, QL means quenched lattice, AQL
means average quenched lattice, UL means unquenched lattitem#dns averaged unquenched lattice, QSR means QCD sum rules. In
Ref. [21], the uncertainties are statistical, systematic withinthe= 2 partially quenched approximation etisystematic errors due to partial
guenching and the missing virtual strange quark, and an estiafidhe effect of chiral logarithms, respectively. In R3], the uncertainties

are from statistics, chiral extrapolation and systematics

Ref. Fpy Fp, or Fp, Fp, Fp, orFp,
PM[19] 196+ 20 178+ 15 2664 25 243+ 25
BS[20] 192
QL [21] 2176) (3 (T 1900 (D EH () 2415 (F3H DD 2156) (195 (Y
QL [22] 25249
AQL [15] 2004+ 20 173+ 23 230+ 14 203+ 14
UL [23] 190(14)(07)(19)
AUL [15] 2304+ 30 198+ 30 2504 30 226+ 15
QSR[24] 2364 30 203+ 23 235424 2044 20
QSRI[25] 206+ 20 195+ 20
wave functions as: In Table 4 for comparison, we show recent theoret-
B ical predictions for the decagonstants as obtained by
(0lgyuysQIP) other methods. For examplee display the recent val-
\/_ ues from relativistic potential model (PN).9] based
= T yu (1= 7/5)‘/’1So(‘1)(2 )3 on the quasi-potential approach; most recent value
of Fp from another version of using Bethe—Salpeter
=i4\/N:P, f o 3<p1(q) (6) method (BS)[20], which is also a relativistic result;
(2r) recent values from the averaged lattice results both
Therefore, we have in quenched (AQL) and unquenched (AUL) approxi-
d mation[15]; most recent values from quenched lattice
p = 4,/ch #m(&), @) (QL) QCD[21,22]and unquenched lattice (UL) QCD

[23]; and values from QCD sum rules (QSR%,25]
and the calculated values of decay constants are dis-As can be seen fromables 2 and 4our values of
played inTable 2 the decay constants by salg the Salpeter equation,
In Table 3 we show the theoretical uncertainties of agree with these recent results by other methods. In

our results for the decay constants. These uncertain-particular, they agree very well with the recent aver-
ties are obtained by varying all the input parameters age of the unquenched lattice QCD (AULL5]. Our
simultaneously withint10% of the central values, and  value Fp, ~ 248 GeV is smaller than the most re-
taking the largest variation of the decay constant. cent experimental central value, the ALEPH’s value
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Table 5
Ratios Fp, /Fp,, Fp,/Fp, and the Grinstein ratio by this work and by other methods. In Réf, the first and second uncertainty are the
statistical and the systematic errors

Ref. FB_;/FBd FD.Y/FDd Rq

This work 110+ 0.01 108+ 0.01 102+ 0.02

PM[19] 1.10+0.21 109+ 0.22 101+0.40

QL [21] L1622 114D (3 3)(D) 1.022)@ @

UL [26] 1.018+ 0.006+ 0.010
AQL [15] 1.154+0.03 112+ 0.02 103+ 0.05

AUL [15] 1.16+0.05 112+ 0.04 104+ 0.08

QSR[27] 1.16+0.05 115+ 0.04 101+0.08

Fp, ~ 285+ 19+ 40, but still within the experimental ~ Acknowledgements
uncertainties.

There are other interesting quantities such as the The work of C.S.K. was supported in part by
ratios of decay constants, /Fp,, Fp,/Fp,, and the CHEP-SRC Program, in part by Grant No. R02-2003-
Grinstein ratiq28] defined as 000-10050-0 from BRP of the KOSEF. The work of

G.W. was supported by BK21 Program, and in part by
Grant No. F01-2004-000-10292-0 of KOSEF-NSFC

Ry = (FBs )/( F, ) (8) International Collaboratiy Research Grant. The work
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which is a quantity sensitive to the light quark mass

my. In Table 5we show our values of these ratios
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