{ 1{

PSEUDOSCALAR-MESON DECAY CONSTANTS (by M. Suzuki, LBNL)

Charged mesons

The decay constant f_P for a charged pseudoscalar meson P is defined by ⟨0|A_μ(0)|P (q)⟩ = if_P q_μ , where A_μ is the axial-vector part of the charged weak current after a Cabibbo-Kobayashi-Maskawa mixing-matrix element V_{qq}0 has been removed. The state vector is normalized by ⟨P (q)|P (q^′)⟩ = (2π)^3 2E_q δ(q − q^′), and its phase is chosen to make f_P real and positive. Note, however, that in many theoretical papers our f_P / √ 2 is denoted by f_P .

In determining f_P experimentally, radiative corrections must be taken into account. Since the photon-loop correction introduces an infrared divergence that is canceled by soft-photon emission, we can determine f_P only from the combined rate for P^± → ℓ^±ν_ℓ and P^± → ℓ^±ν_ℓγ. This rate is given by

Γ (P → ℓν_ℓ + ℓν_ℓγ) =

G^2_F |V_{qq}0^2| 8π f^2_P m^2_ℓ m_P ( 1 − m^2_ℓ m^2_P

)_2 [1 + O(α)] .

Radiative corrections include inner bremsstrahlung, which is independent of the structure of the meson [1–3], and also a structure-dependent term [4,5]. After radiative corrections are made, there are ambiguities in extracting f_P from experimental measurements. In fact, the definition of f_P is no longer unique.

It is desirable to define f_P such that it depends only on the properties of the pseudoscalar meson, not on the final decay products. The short-distance corrections to the fundamental electroweak constants like G_F |V_{qq}0 | should be separated out. Following Marciano and Sirlin [6], we define f_P with the following form for the O(α) corrections:

1 + O(α) =^[1 +^{2α}_π ln^{(mZ}_{mρ}^{)][}1 +^α_π F (x)^] × { 1 − α π [ 3 2 ln ( m_ρ m_P ) + C_1 + C_2 m^2_ℓ m^2_ρ ln ( m^2_ρ m^2_ℓ ) + C_3 m^2_ℓ m^2_ρ + . . . ]} .

CITATION: R.M. Barnett et al., Physical Review D54, 1 (1996) and 1997 off-year partial update for the 1998 edition (URL: http://pdg.lbl.gov/)

December 11, 1997 16:05

{ 2{

Here

F (x) = 3 ln x +

13 − 19x^2 8(1 − x^2) − 8 − 5x^2 2(1 − x^2)^2 x^2 ln x

−2 (1 + x2

1 − x^2 ln x + 1 ) ln(1 − x^2) + 2

(1 + x2 1 − x^2 ) L(1 − x^2) ,

with x ≡ m_ℓ/m_P , L(z) ≡ ∫_z 0 ln(1 − t) t dt . The first bracket in the expression for 1 + O(α) is the shortdistance electroweak correction. The QCD correction reduces this factor by 0.00033. The second bracket together with the term −(3α/2π) ln(m_ρ/m_P ) in the third bracket corresponds to the radiative corrections to the point-like pion decay (Λ_{cutoff} ≈ m_ρ) [2]. The rest of the corrections in the third bracket are expanded in powers of m_ℓ/m_ρ. The expansion coefficients C_1, C_2, and C_3 depend on the hadronic structure of the pseudoscalar meson and in most cases cannot be computed accurately. In particular, C_1 absorbs the uncertainty in the matching energy scale between short- and long-distance strong interactions and thus is the main source of uncertainty in determining f_π+ accurately.

With the experimental value for the decay π → μν_μ + μν_μγ, one obtains

f_π+ = 130.7 ± 0.1 ± 0.36 MeV ,

where the first error comes from the experimental uncertainty on |V_{ud}| and the second comes from the uncertainty on C_1 (= 0 ± 0.24) [6]. Similarly, one obtains from the decay K → μν_μ +μν_μγ the decay constant

f_K+ = 159.8 ± 1.4 ± 0.44 MeV ,

where the first error is due to the uncertainty on |V_{us}|.

For the heavy pseudoscalar mesons, uncertainties in the experimental values for the decay rates are much larger than the radiative corrections. For the D^+, only an upper bound can be obtained from the published data:

f_D+ < 310 MeV (CL = 90%) .

{ 3{

Three groups have measured the D^+_s → μ^+ν_μ branching fraction, leading to the following values of the decay constant:

f_D+_s =232 ± 45 ± 20 ± 48 MeV [7] ,

f_D+_s =344 ± 37 ± 52 ± 42 MeV [8] ,

f_D+_s =430^{+150}_{−130} ± 40 MeV [9] ,

where the first errors are statistical, the second errors are systematic, and the third errors are uncertainties involved in extracting the branching fraction B(D^+_s → μ^+ν_μ). We must wait for more data before drawing a conclusion on f_D+_s .

There have been many attempts to extract f_P from spectroscopy and nonleptonic decays using theoretical models. Since it is difficult to estimate uncertainties for them, we have listed here only values of decay constants that are obtained directly from the observation of P^± → ℓ^±ν_ℓ.

Light neutral mesons

The decay constants for the light neutral pseudoscalar mesons π^0, η, and η^′ are defined by

⟨0|A_μ(0)|P^0(q)⟩ = i(f_P / √ 2)q_μ ,

where A_μ is a neutral axial-vector current of octet or singlet. Values of f_P can be obtained from the two-photon decay P^0 → γγ, since in the m_P = 0 limit the decay matrix element is determined by the Adler-Bell-Jackiw anomaly [10,11]. However, large uncertainties enter values of f_P through extrapolation to the physical mass and, in the case of η and η^′, through the mixing angle, too.

The CELLO Collaboration has obtained the values [12]

f_π0 = 119 ± 4 MeV

f_η = 133 ± 10 MeV

f_η0 = 126 ± 7 MeV ,

while the TPC/2γ Collaboration has obtained [13]

f_η = 129 ± 8 MeV

f_η0 = 110 ± 7 MeV .

{ 4{

(We have multiplied the published values by √ 2 to be in accord with our definition of f_P .)

References 1. S. Berman, Phys. Rev. Lett. 1, 468 (1958). 2. T. Kinoshita, Phys. Rev. Lett. 2, 477 (1959). 3. A. Sirlin, Phys. Rev. D5, 436 (1972).

4. M.V. Terent’ev, Yad. Fiz. 18, 870 (1973) [Sov. J. Nucl.

Phys. 18, 449 (1974)].

5. T. Goldman and W.J. Wilson, Phys. Rev. D15, 709 (1977).

6. W.J. Marciano and A. Sirlin, Phys. Rev. Lett. 71, 3629 (1993).

7. S. Aoki et al., Prog. Theor. Phys. 89, 131 (1993). 8. D. Acosta et al., Phys. Rev. D49, 5690 (1993). 9. J.Z. Bai et al., Phys. Rev. Lett. 74, 4599 (1995). 10. S.L. Adler, Phys. Rev. 177, 2426 (1969).

11. J.S. Bell and R. Jackiw, Nuovo Cimento 60A, 46 (1969). 12. H.-J. Behrend et al., Z. Phys. C49, 401 (1991). 13. H. Aihara et al., Phys. Rev. Lett. 64, 172 (1990).