arXiv:hep-ph/0607192 v2 20 Jul 2006

Replay to hep-ph/0606266

N. N. Achasov^∗ Laboratory of Theoretical Physics, S. L. Sobolev Institute for Mathematics, Academician Koptiug Prospekt, 4 Novosibirsk, 630090, Russia (Dated: July 20, 2006) The ϕ → γππ amplitude is found from the e^+e^− → γππ amplitude suggested in Ref. [1]. It is shown that the found amplitude differs essentially from that studied in Refs. [1, 4]. It is noticed that the suggestion of the author of Ref. [1] about the phase of the ϕ → γππ amplitude is misleading.

PACS numbers: 12.39.-x, 13.40.Hq, 13.65.+i

First, I thank V.V. Anisovich for his attention [1] to my paper [2]. Let us rewrite Eq. (4) from Ref. [1] in the real case, that is, taking into account the widths of the resonances A^{(e+e−→γππ)} μα (s_V , s_S , 0) = ( g_{μα} − 2q_μP_{V α} s_V − s_S )

× { G_e+_e−_{→ϕ} s_V − M^2_ϕ + ı √ s_V Γ_ϕ(s_V ) [ A_{ϕ→γf0} ( m^2_ϕ , m^2_{f0} , 0 ) g_{f0 →ππ} s_S − M^2_0 + ıg^2_π ρ_{ππ} (s_S ) + ıg^2_K ρ_K¯_K (s_S ) + B_ϕ ( m^2_ϕ , s_S , 0 ) ]

+ B_{f0} ( s_V , m^2_{f0} , 0 ) g_{f0 →ππ} s_S − M^2_0 + ıg^2_πρ_{ππ} (s_S ) + ıg^2_K ρ_K¯_K (s_S )

+ B_0 (s_V , s_S ) } (1) where μ and α refer to the initial vector state (total momentum P_V and P^2_V = s_V ) and photon (momentum q and q^2 = 0), (P_V − q)^2 = s_S and (P_V q) = (s_V − s_S ) /2 .

Then the regularity condition of A^{(e+e− →γππ)}_{μα} (s_V , s_S , 0) at s_V = s_S has the form

∗Electronic address: achasov@math.nsc.ru

G_e+_e−_{→ϕ} s_V − M^2_ϕ + ı(s_V )Γ_ϕ √ s_V [ A_{ϕ→γf0} ( m^2_ϕ , m^2_{f0} , 0 ) g_{f0→ππ} s_V − M^2_0 + ıg^2_π ρ_{ππ} (s_V ) + ıg^2_K ρ_K¯_K (s_V ) + B_ϕ ( m^2_ϕ , s_V , 0 ) ]

+ B_{f0} ( s_V , m^2_{f0} , 0 ) g_{f0→ππ} s_V − M^2_0 + ıg^2_π ρ_{ππ} (s_V ) + ıg^2_K ρ_K¯_K (s_V )

+ B_0 (s_V , s_V ) = 0 . (2)

When confined only to the ϕ meson contribution in Eqs. (1) and Eq. (2), one can find only the trivial solution of Eq. (2) A_{ϕ→γf0} ( m^2_ϕ , m^2_{f0} , 0 ) g_{f0 →ππ} s_V − M^2_0 + ıg^2_π ρ_{ππ} (s_V ) + ıg^2_K ρ_K¯_K (s_V ) + B_ϕ ( m^2_ϕ , s_V , 0 ) = 0, (3)

which implies that there is not the ϕ meson contribution in the amplitude A^{(e+e−→γππ)} μα (s_V , s_S , 0) at all (please replace s_V in Eq. (3) by s_S and then put it into Eq. (1)). That is why, the author of Ref. [1] adds the two new backgrounds, the two last terms in Eqs. (1) and (2). Actually, the B_0 (s_V , s_S ) background is not required to avoid this catastrophe, as is evident from the further consideration.

The author of Ref. [1] thinks that the e^+e^− → ϕ → γππ amplitude is A^{(e+e−→ϕ→γππ)} μα (s_V , s_S , 0) = ( g_{μα} − 2q_μP_{V α} s_V − s_S ) G_e+_e−_{→ϕ} s_V − m^2_ϕ + ı √ s_V Γ_ϕ(s_V )

× [ A_{ϕ→γf0} ( m^2_ϕ , m^2_{f0} , 0 ) g_{f0 →ππ} s_S − M^2_0 + ıg^2_πρ_{ππ} (s_S ) + ıg^2_K ρ_K¯_K (s_S ) + B_ϕ ( m^2_ϕ , s_S , 0 ) ] (4) in accordance with Eq. (1).

But it is an illusion. To clear up the physical content of Eq. (1) one should resolve the constraint (2). Let us find B_{f0} ( s_V , m^2_{f0} , 0 ) from Eq. (2)

B_{f0} ( s_V , m^2_{f0} , 0 ) g_{f0 →ππ} = − G_e+_e−_{→ϕ} A_{ϕ→γf0} ( m^2_ϕ , m^2_{f0} , 0 ) g_{f0 →ππ} s_V − M^2_ϕ + ı √ s_V Γ_ϕ(s_V )

− [ s_V − M^2_0 + ıg^2_πρ_{ππ} (s_V ) + ıg^2_K ρ_K¯_K (s_V ) ][ G_e+_e−_{→ϕ} B_ϕ ( m^2_ϕ , s_V , 0 ) s_V − M^2_ϕ + ı √ s_V Γ_ϕ(s_V ) +B_0 (s_V , s_V ) ] (5) and put it into Eq. (1) A^{(e+e−→γππ)} μα (s_V , s_S , 0) = ( g_{μα} − 2q_μP_{V α} s_V − s_S ) { G_e+_e−_{→ϕ} s_V − M^2_ϕ + ı √ s_V Γ_ϕ(s_V )

× [ (s_S − s_V ) B_ϕ ( m^2_ϕ , s_V , 0 ) s_S − M^2_0 + ıg^2_π ρ_{ππ} (s_S ) + ıg^2_K ρ_K¯_K (s_S ) + B_ϕ ( m^2_ϕ , s_S , 0 ) − B_ϕ ( m^2_ϕ , s_V , 0 ) ]

+ (s_S − s_V ) B_0 (s_V , s_V , 0) s_S − M^2_0 + ıg^2_πρ_{ππ} (s_S ) + ıg^2_K ρ_K¯_K (s_S )

+ B_0 (s_V , s_S , 0) − B_0 (s_V , s_V , 0) } . (6)

So, the amplitude the e^+e^− → ϕ → γππ amplitude is A^{(e+e−→ϕ→γππ)} μα (s_V , s_S , 0) = ( g_{μα} − 2q_μP_{V α} s_V − s_S ) G_e+_e−_{→ϕ} s_V − M^2_ϕ + ı √ s_V Γ_ϕ(s_V )

× [ (s_S − s_V ) B_ϕ ( m^2_ϕ , s_V , 0 ) s_S − M^2_0 + ıg^2_π ρ_{ππ} (s_S ) + ıg^2_K ρ_K¯_K (s_S ) + B_ϕ ( m^2_ϕ , s_S , 0 ) − B_ϕ ( m^2_ϕ , s_V , 0 ) ] (7) and not (4).

As is seen from Eq. (7) the ϕγf_0 vertex has a classic form V_{ϕγf0} = e^μ(ϕ)e^α(γ) ( g_{μα} − 2q_μP_{V α} s_V − s_S ) (s_S − s_V ) B_ϕ ( m^2_ϕ , s_V , 0 )

= −2P^ν_V e^μ(ϕ)F_{νμ}B_ϕ ( m^2_ϕ , s_V , 0 ) (8) where F_{νμ} = q_μe_ν (γ) − q_ν e_μ(γ), e(ϕ) and e(γ) are the polarization four-vectors of the ϕ meson and the γ quantum, respectively, B_ϕ ( m^2_ϕ , s_V , 0 ) is an invariant vertex free from kinematical singularities. All of the preceding concerns the backgrounds A_{ϕγππ} = e^μ(ϕ)e^α(γ) ( g_{μα} − 2q_μP_{V α} s_V − s_S ) [ B_ϕ ( m^2_ϕ , s_S , 0 ) − B_ϕ ( m^2_ϕ , s_V , 0 ) ]

= 2P^ν_V e^μ(ϕ)F_{νμ} B_ϕ ( m^2_ϕ , s_S , 0 ) − B_ϕ ( m^2_ϕ , s_V , 0 ) ] s_V − s_S (9) and Ã^{(e+e−→γππ)} μ (s_V , s_S , 0) = e^α(γ) ( g_{μα} − 2q_μP_{V α} s_V − s_S )

× [ (s_S − s_V ) B_0 (s_V , s_V , 0) s_S − M^2_0 + ıg^2_π ρ_{ππ} (s_S ) + ıg^2_K ρ_K¯_K (s_S )

+ B_0 (s_V , s_S , 0) − B_0 (s_V , s_V , 0) ]

= −2P^ν_V F_{μν} [ B_0 (s_V , s_V , 0) s_S − M^2_0 + ıg^2_πρ_{ππ} (s_S ) + ıg^2_K ρ_K¯_K (s_S ) + B_0 (s_V , s_V , 0) − B_0 (s_V , s_S , 0) s_V − s_S ] . (10)

That the ϕγf_0 vertex and the A_{ϕγππ} background follow the same function B_ϕ ( m^2_ϕ , x , 0 ) , see Eqs. (8) and (9), is an artifact rather than an achievement of the theory under discussion. It hardly needs proposing the experimental investigation of this phenomenon [3]. Really, one can add a regular term to the right side of Eq. (1), for example, ( g_{μα} − 2q_μP_{V α} s_V − s_S ) G_e+_e−_{→ϕ} s_V − M^2_ϕ + ı √ s_V Γ_ϕ(s_V ) [ A_ϕ ( m^2_ϕ , s_V , 0 ) − A_ϕ ( m^2_ϕ , s_S , 0 ) ] (11)

which does not contribute to Eqs. (2) and (5) but change Eqs. (6), (7), and (9) A^{(e+e− →ϕ→γππ)} μα (s_V , s_S , 0) → ( g_{μα} − 2q_μP_{V α} s_V − s_S ) G_e+_e−_{→ϕ} s_V − M^2_ϕ + ı √ s_V Γ_ϕ(s_V )

× { (s_S − s_V ) B_ϕ ( m^2_ϕ , s_V , 0 ) s_S − M^2_0 + ıg^2_πρ_{ππ} (s_S ) + ıg^2_K ρ_K¯_K (s_S ) + [ B_ϕ ( m^2_ϕ , s_S , 0 ) − A_ϕ ( m^2_ϕ , s_S , 0 )] − [ B_ϕ ( m^2_ϕ , s_V , 0 ) − A_ϕ ( m^2_ϕ , s_V , 0 ) ]} (12) and A_{ϕγππ} → e^μ(ϕ)e^α(γ) ( g_{μα} − 2q_μP_{V α} s_V − s_S )

× {[ B_ϕ ( m^2_ϕ , s_S , 0 ) − A_ϕ ( m^2_ϕ , s_S , 0 ) ] − [ B_ϕ ( m^2_ϕ , s_V , 0 ) − A_ϕ ( m^2_ϕ , s_V , 0 ) ]}

= 2P^ν_V e^μ(ϕ)F_{νμ}

× [ B_ϕ ( m^2_ϕ , s_S , 0 ) − A_ϕ ( m^2_ϕ , s_S , 0 )] − [ B_ϕ ( m^2_ϕ , s_V , 0 ) − A_ϕ ( m^2_ϕ , s_V , 0 )] s_V − s_S . (13)

So, if B_ϕ ( m^2_ϕ , x , 0 ) = A_ϕ ( m^2_ϕ , x , 0 ) the background (13) is removed from Eq. (12) at all. The background (10) can be removed also by the proper regular term in Eq. (1). Consequently, the inclusion of the backgrounds is not a kategorischer Imperativ, but a phenomenological treatment.

Nevertheless, let us compare the ϕ → γππ decay amplitude from Eq. (7) at s_V = m^2_ϕ

A^{(ϕ→γππ)} ( m^2_ϕ , s_S , 0 ) = ( s_S − m^2_ϕ ) B_ϕ ( m^2_ϕ , m^2_ϕ , 0 ) s_S − M^2_0 + ıg^2_π ρ_{ππ} (s_S ) + ıg^2_K ρ_K¯_K (s_S ) +B_ϕ ( m^2_ϕ , s_S , 0 ) − B_ϕ ( m^2_ϕ , m^2_ϕ , 0 ) (14) with the one from Eq. (4) A^{(ϕ→γππ)} V V A ( m^2_ϕ , s_S , 0 ) = A_{ϕ→γf0} ( m^2_ϕ , m^2_{f0} , 0 ) g_{f0 →ππ} s_S − M^2_0 + ıg^2_π ρ_{ππ} (s_S ) + ıg^2_K ρ_K¯_K (s_S ) +B_ϕ ( m^2_ϕ , s_S , 0 ) , (15) which the author of Ref. [1] considers together with the extra constraint A_{ϕ→γf0} ( m^2_ϕ , m^2_{f0} , 0 ) g_{f0→ππ} m^2_ϕ − M^2_0 + ıg^2_π ρ_{ππ} (m^2_ϕ) + ıg^2_K ρ_K¯_K (m^2_ϕ) + B_ϕ ( m^2_ϕ , m^2_ϕ , 0 ) = 0 (16) to provide the O ( m^2_ϕ − s_S ) behavior of A^{(ϕ→γππ)}_{V V A} ( m^2_ϕ , s_S , 0 ) at ( m^2_ϕ − s_S ) → 0 (for soft photons).

It follows from Eqs. (15) and (16) that A^{(ϕ→γππ)} V V A ( m^2_ϕ , s_S , 0 )

= [ s_S − m^2_ϕ + ıg^2_K ρ_K¯_K (s_S ) + ıg^2_π ρ_{ππ} (s_S ) − ıg^2_πρ_{ππ} (m^2_ϕ) − ıg^2_K ρ_K¯_K (m^2_ϕ) ] B_ϕ ( m^2_ϕ , m^2_ϕ , 0 ) s_S − M^2_0 + ıg^2_πρ_{ππ} (s_S ) + ıg^2_K ρ_K¯_K (s_S ) +B_ϕ ( m^2_ϕ , s_S , 0 ) − B_ϕ ( m^2_ϕ , m^2_ϕ , 0 ) , (17) where [4] ρ_{ππ} = 1 M_0 √ M^2_{ππ} − 4m^2_π , ρ_K¯_K = 1 M_0 √ M^2_{ππ} − 4m^2_K when M_{ππ} > 2m_K , ρ_K¯_K = ı 1 M_0 √ 4m^2_K − M^2_{ππ} when M_{ππ} < 2m_K , g^2_π = 0.12 GeV^2, g^2_K = 0.27 GeV^2, M_0 = 0.975 GeV , (18) in addition, [4] B_ϕ ( m^2_ϕ , s_S , 0 ) = B_ϕ ( m^2_ϕ , m^2_ϕ , 0 ) [ 1 + a ( s_S − m^2_ϕ )] exp [ − m^2_ϕ − s_S

μ^2 ] (19) where a = −5 GeV^{−2} and μ = 0.388 GeV.

The calculation gives BR (ϕ → γππ by Eq. (14)) /BR (ϕ → γππ by Eq. (17)) ≈ 0.2 (20) and for dBR ( ϕ → γππ by Eq. (14) , √ s_S ) d √ s_S / dBR ( ϕ → γππ by Eq. (17) , √ s_S ) d √ s_S = R ( √ s_S ) : (21)

R(800 MeV) = 0.094 , R(850 MeV) = 0.131 , R(900 MeV) = 0.191 , R(950 MeV) = 0.249 , R(970 MeV) = 0.266 , R(990 MeV) = 0.323 . (22)

So, both the branching ratios and the spectra are essentially different in case of Eqs. (14) and (17).

Last comment. The author of Ref. [1] thinks, see Eq. (12) in Ref. [1], that the phase of the ϕ → γππ amplitude equals to the ππ scattering phase shift δ^0 . But it is a misunderstanding. The Watson theorem is not correct in our case because there are other open intermediate channels, even though s_S < (2m_K )^2. The ϕ → K^+K^− → γππ channel is most essential from them, see details in Ref. [5].

Summary. The ϕ → γππ amplitude (14), which we found from Eqs. (1) and (2) suggested in Ref. [1], differs essentially from the ϕ → γππ amplitude (17), which is studied in Refs. [1, 4]. There are no reasons which prevent us from adding a regular term to the right side of Eq. (1) without changing Eq. (2) but with changing backgrounds, that is, backgrounds are included phenomenologically ( by hands) and not dictated by resonance properties. The idea of the author Ref. [1] about the phase of the ϕ → γππ decay amplitude is misleading.

[1] V.V. Anisovich, hep-ph/0606266. [2] N.N. Achasov, hep-ph/0606003.

[3] The author of Ref. [1] would like to connect the B_ϕ ( m^2_ϕ , s_S , 0 ) background with isoscalar scalar states in the ππ channel other than f_0(980) ” (for example, such as σ)”, see Section 1.2, page 4 of Ref. [1]. But in that case the author of Ref. [1] should predict the production of the dual vector states in the e^+e^− collision, for example, such as V (m_σ), that would be described by B_ϕ ( m^2_ϕ , s_V , 0 ) in the e^+e^− → γππ amplitude (6).

[4] A.V. Anisovich, V.V. Anisovich, V.N. Markov, V.A. Nikonov, and A.V. Sarantsev, Yad. Fiz.

68, 1614 (2005) [Phys. Atom. Nucl. 68, 1554 (2005)], hep-ph/04033123. [5] N.N. Achasov, Nucl. Phys. A 728, 425 (2003).