arXiv:hep-ph/0304201 v1 22 Apr 2003

The perspectives of decoding the nature of the a_0(980) and f_0(980) mesons and of defining the relative phase between the three-gluon and one-photon amplitudes in the J/ψ decays^∗

N.N. Achasov

Laboratory of Theoretical Physics, Sobolev Institute for Mathematics, Academician Koptiug Prospekt, 4, Novosibirsk, 630090, Russia^†

April 22, 2003

Abstract

It is argued that the search of the J/ψ → f_0(980)ω and J/ψ → a_0(980)ρ decays and the more precise definition of B(J/ψ → f_0(980)ϕ) are the urgent purposes in the J/ψ spectroscopy.

It is shown that the study of the ω − ρ^0 interference pattern in the J/ψ → (ρ^0 + ω)η → π^+π^−η decay provides evidence for the large (nearly 90^∘) relative phase between the isovector one-photon and three-gluon decay amplitudes .

1 Introduction

As is well known that the J/ψ decays have played an outstanding role in creation of Standard Model, including creation QCD. But up to now potentialities the J/ψ decays to give top level results, that is new physics, are far from to be exhausted as is clear from two topics considered below.

In Section 1 it is shown that there are good potentialities to clear the nature of the scalar f_0(980) and a_0(980)- mesons studying the J/ψ → f_0(980)ω, J/ψ → a_0(980)ρ and J/ψ → f_0(980)ϕ decays.

In Section 2 it is shown that that there good potentialities to get a relative phase between the isovector one-photon and three-gluon decay amplitudes in J/ψ decays studying the J/ψ → (ρ^0 + ω)η → π^+π^−η and J/ψ → ωη decays.

A brief summary is given in Section 3.

∗Invited talk given on March 1, 2003 at ”KEK Workshop on hadron spectroscopy and chiral particle search in J/ψ decay data at BES”, February 28 - March 1, 2003, Tsukuba, Japan

†E-mail: achasov@math.nsc.ru

2 The J/ψ decays about the nature of the scalar f_0(980) and a_0(980) mesons

2.1 The J/ψ decays about the nature of the scalar a_0(980) meson The following data is of very interest for our purposes: B(J/ψ → a_0(980)ρ) < 4.4 · 10^{−4} [1] and (1)

B(J/ψ → a_2(1320)ρ) = (109 ± 22) · 10^{−4} [2]. (2) The suppression B(J/ψ → a_0(980)ρ)/B(J/ψ → a_2(1320)ρ) < 0.04 ± 0.008 (3) seems strange, if one considers the a_2(1320) and a_0(980)-states as the tensor and scalar twoquark states from the same P-wave multiplet with the quark structure^1 a^0 = (uū − dd̄)/ √ 2 , a^+_0 = ud̄ , a^−_0 = dū . (4) While the four-quark nature of the a_0(980)-meson with the symbolic quark structure, similar (but not identical) the MIT-bag state [3],

a^+_0 (980) = usd̄s̄ , a^0(980) = (usūs̄ − dsd̄s̄) √ 2 , a^−_0 (980) = dsūs̄ . (5)

is not cntrary to the suppression in Eq. (3).

So, the improvement of the upper limit (1) and the search for the J/ψ → a_0(980)ρ decays are the urgent purposes in the study of the J/ψ decays!

2.2 The J/ψ decays about the nature of the scalar f_0(980) meson Let us discuss a possibility to treat the f_0(980)-meson as the quark-antiquark state.

The hypothesis that the f_0(980)-meson is the lowest two-quark P-wave scalar state with the quark structure f_0 = (uū + dd̄)/ √ 2 (6) contradicts the following facts:

i) the weak coupling with gluons [4] B(J/ψ → γf_0(980) → γππ) < 1.4 · 10^{−5} (7) opposite the expected one [5] for Eq. (6) B(J/ψ → γf_0(980)) ≥ B(J/ψ → γf_2(1270))/4 ≃ (3.45 ± 0.35) · 10^{−4} ; (8) ii) the decays J/ψ → f_0(980)ω, J/ψ → f_0(980)ϕ, J/ψ → f_2(1270)ω and J/ψ → f^′_2(1525)ϕ [2]:

B(J/ψ → f_0(980)ω) = (1.4 ± 0.5) · 10^{−4} , (9)

1It cannot be too highly stressed that in J/ψ decays there is no suppression of creation of isovector P-wave qq̄ states in comparison with creation of isovector S-wave qq̄ states. Please compare B(J/ψ → a2 (1320)ρ) = (109 ± 22) · 10^{−4} with B(J/ψ → πρ) = (127 ± 9) · 10^{−4} [2].

B(J/ψ → f_0(980)ϕ) = (3.2 ± 0.9) · 10^{−4} , (10)

B(J/ψ → f_2(1270)ω) = (4.3 ± 0.6) · 10^{−3} and (11)

B(J/ψ → f^′_2(1525)ϕ) = (8 ± 4) · 10^{−4} . (12)

The suppression

B(J/ψ → f_0(980)ω)/B(J/ψ → f_2(1270)ω) = 0.033 ± 0.013 (13)

looks strange in the model under consideration as well as Eq. (3) in the model (4)^2.

I would like to emphasize that from my point of view the DM2 Collaboration did not observed the J/ψ → f_0(980)ω decay and should give a upper limit instead of Eq. (9).

So, the search for the J/ψ → f_0(980)ω decay is the urgent purpose in the study of the J/ψ decays!

The existence of the J/ψ → f_0(980)ϕ decay of greater intensity than the J/ψ → f_0(980)ω decay ( compare Eq. (9) and Eq. (10) ) shuts down the model (6) for in the case under discussion the J/ψ → f_0(980)ϕ-decay should be strongly suppressed in comparison with the J/ψ → f_0(980)ω-decay by the OZI-rule.

So, Eq. (6) is excluded at a level of physical rigor. Can one consider the f_0(980)-meson as the near ss̄-state?

It is impossible without a gluon component. Really, it is anticipated for the scalar ss̄-state from the lowest P-wave multiplet that [5]

B(J/ψ → γf_0(980)) ≥ B(J/ψ → γf^′_2(1525))/4 ≃ 1.6 · 10^{−4} (14)

opposite Eq. (7), which requires properly that the f_0(980)-meson to be the 8-th component of the SU_f (3)-oktet

f_0(980) = (uū + dd̄ − 2ss̄)/ √ 6 . (15)

This structure gives

B(J/ψ → f_0(980)ϕ) = (2λ ≈ 1) · B(J/ψ → f_0(980)ω) , (16)

which is on the verge of conflict with experiment, compare Eq. (9) with Eq. (10). Here λ takes into account the strange sea suppression.

Equation (15) contradicts also the strong coupling with the KK̄-channel [6, 7]

1 < R = |g_{f0K}+_K− /g_{f0π}+_π− |^2 ≤ 10 (17)

for the prediction

R = |g_{f0K}+_K− /g_{f0π}+_π− |^2 = ( √ λ − 2)^2/4 ≃ 0.4 . (18)

In addition, the mass degeneration m_{f0} ≃ m_{a0} is coincidental in this case if to treat the a_0-meson as the four-quark state or contradicts the light hypothesis (4).

2It cannot be too highly stressed that in J/ψ decays there is also no suppression of creation of isoscalar Pwave qq̄ states in comparison with creation of isoscalar S-wave qq̄ states. Please compare B(J/ψ → f2(1270)ω) = (4.3 ± 0.6) · 10^{−3} with B(J/ψ → ηω) = (1.58 ± 0.16) · 10^{−3} [2].

The introduction of a gluon component, gg, in the f_0(980)-meson structure allows the puzzle of weak coupling with two gluons (7) and with two photons but the strong coupling with the KK̄-channel to be resolved easy [8]:

f_0 = gg sin α + [( 1/ √ 2 ) (uū + dd̄) sin β + ss̄ cos β ] cos α ,

tan α = −O(α_s) (√ 2 sin β + cos β ) , (19)

where sin^2 α ≤ 0.08 and cos^2 β > 0.8.

So, the f_0(980)-meson is near the ss̄-state, as in[9] . It gives 0.1 < B(J/ψ → f_0(980)ω) B(J/ψ → f_0(980)ϕ) = 1 λ tan^2 β < 0.54 . (20)

As for the experimental value,

B(J/ψ → f_0(980)ω)/B(J/ψ → f_0(980)ϕ) = 0.44 ± 0.2 , (21)

it needs refinement.

Remind that in my opinion the J/ψ → f_0(980)ω was not observed! The scenario with the f_0(980) meson as in Eq. (19) and with the a_0(980) meson as the two-quark state (4) runs into following difficulties:

i) it is impossible to explain the f_0 and a_0-meson mass degeneration in a natural way; ii) it is possible to get only [7]

B(ϕ → γf_0 → γπ^0π^0) ≃ 1.7 · 10^{−5} , B(ϕ → γa_0 → γπ^0η) ≃ 10^{−5} . (22)

iii) it is also predicted

B(J/ψ → a_0(980)ρ) = (3/λ ≈ 6) · B(J/ψ → f_0(980)ϕ) , (23)

that has almost no chance, compare Eqs. (1) and (10).

Note that the λ independent prediction

B(J/ψ → f_0(980)ϕ)/B(J/ψ → f^′_2(1525)ϕ) = = B(J/ψ → a_0(980)ρ)/B(J/ψ → a_2(1320)ρ) (24)

is excluded by the central figure in

B(J/ψ → f_0(980)ϕ)/B(J/ψ → f^′_2(1525)ϕ) = 0.4 ± 0.23 , (25)

obtained from Eqs. (10) and (12), compare with Eq. (3). But, certainly, experimental error is too large.

Even twofold increase in accuracy of measurement of Eq. (25) could be crucial in the fate of the scenario under discussion.

The prospects for the model of the f_0(980)-meson as the almost pure ss̄-state (19) and the a_0(980)-meson as the four-quark state (5) with the coincidental mass degeneration is rather poor especially as the mechanism without creation and annihilation of the additional uū pair, i.e. the OZI-superallowed (N_C )^0 order transition ϕ = ss̄ → γss̄ = γf_0(980)^3, cannot explain

3In this regard the (NC )^0 order mechanism is similar to the principal mechanism of the ϕ → γη^′ (958) decay (ϕ = ss̄ → γss̄ = γη^′ (958)).

the photon spectrum in ϕ → γf_0(980) → γπ^0π^0, which requires the domination of the K^+K^− intermediate state in the ϕ → γf_0(980) amplitude: ϕ → K^+K^− → γf_0(980), as is shown in Refs. [10, 11]! The (N_C )^0 order transition is bound to have a small weight in the large N_C expansion of the ϕ = ss̄ → γf_0(980) amplitude, because this term does not contain the K^+K^− intermediate state, which emerges only in the next to leading term of the 1/N_C order, i.e., in the OZI forbidden transition [11].

While the four-quark model with the symbolic structure

f_0(980) = (usūs̄ + dsd̄s̄) √ 2 cos θ + udūd̄ sin θ , (26)

similar (but not indentical1) the MIT-bag state [3], reasonably justifies all unusual features of the f_0(980)-meson [6, 12, 8, 11].

3 The ω − ρ^0 interference pattern in the J/ψ → (ρ^0 + ω)η → π^+π^−η decay about the relative phase between the threegluon and one-photon amplitudes in the J/ψ decays

In the last few years it has been noted that the single-photon and three-gluon amplitudes in the two-body J/ψ → 1^−0^− and J/ψ → 0^−0^− [13, 14, 15] decays appear to have relative phases nearly 90^∘.

This unexpected result is very important to the observability of CP violating decays as well as to the nature of the J/ψ → 1^−0^− and J/ψ → 0^−0^− decays [13, 14, 15, 16, 17, 18, 19]. In particular, it points to a non-adequacy of their description built upon the perturbative QCD, the hypothesis of the factorization of short and long distances, and specified wave functions of final hadrons. Some peculiarities of electromagnetic form factors in the J/ψ mass region were discussed in Ref. [20].

The analysis [13, 14, 15] involved theoretical assumptions relying on the strong interaction SU_f (3)-symmetry, the strong interaction SU_f (3)-symmetry breaking and the SU_f (3) transformation properties of the one-photon annihilation amplitudes. Besides, effects of the ρ − ω mixing in the J/ψ → 1^−0^− decays were not taken into account in Ref. [13] while in Ref. [14] the ρ − ω mixing was taken into account incorrectly , see the discussion in Ref. [21]. Because of this, the model independent determination of these phases are required.

Fortunately, it is possible to check the conclusion of Refs. [13, 14] at least in one case [21, 22]. We mean the relative phase between the amplitudes of the one-photon J/ψ → ρ^0η and three-gluon J/ψ → ωη decays.

The point is that the ρ^0 − ω mixing amplitude is reasonably well studied [23, 24, 25, 26, 27, 28, 29]. Its module and phase are known. The module of the ratio of the amplitudes of the ρ and ω production can be obtained from the data on the branching ratios of the J/ψ-decays. So, the investigation of the ω − ρ interference in the J/ψ → (ρ^0 + ω)η → ρ^0η → π^+π^−η decay provides a way of measuring the relative phase of the ρ^0 and ω production amplitudes.

Indeed, the ω − ρ interference pattern in the J/ψ → (ρ^0 + ω)η → ρ^0η → π^+π^−η decay is conditioned by the ρ^0 − ω mixing and the ratio of the amplitudes of the ρ^0 and ω production: dN dm = N_ρ(m) 2 π mΓ(ρ → ππ , m) × | | | | | | 1 D_ρ(m) 1 − ε(m) [ N_ω(m) N_ρ(m) ] 1_2

exp {i (δ_ω − δ_ρ)} +

+ 1 D_ω(m) (ε(m) + g_{ωππ} /g_{ρππ} ) [ N_ω(m) N_ρ(m) ] 1_2 exp {i (δ_ω − δ_ρ)} | | | | | | 2 (27)

with ε(m) = − Π_{ωρ}0 (m) m^2_ω − m^2_ρ + im (Γ_ρ(m) − Γ_ω(m))

, (28)

where m is the invariant mass of the π^+π^−-state, N_ρ(m) and N_ω(m) are the squares of the modules of the ρ and ω production amplitudes, δ_ρ and δ_ω are their phases, Π_{ωρ}0 (m) is the amplitude of the ρ − ω transition, D_V (m) = m^2_V − m^2 − imΓ_V (m), V = ρ, ω.

We obtained in Refs. [21, 22]^4

ε(m_ω) + g_{ωππ} /g_{ρππ} = (3.41 ± 0.24) · 10^{−2} exp {i (102 ± 1)^∘} . (29)

The branching ratio of the ω → ππ decay B (ω → ππ) = Γ (ρ → ππ , m_ω) Γ_ω (m_ω) · |ε(m_ω) + g_{ωππ}/g_{ρππ} |^2 . (30) The data [30, 31] were fitted with the function

N(m) = L(m) + | | |(N_ρ)^{12} F^{BW}_ρ (m) + (N_ω)^{12} F^{BW}_ω (m) exp{iϕ} | | |^2 , (31)

where F^{BW}_ρ (m) and F^{BW}_ω (m) are the appropriate Breit-Wigner terms [30] and L(m) is a polynomial background term.

The results are

ϕ = (46 ± 15)^∘ , N_ω(m_ω)/N_ρ = 8.86 ± 1.83 [30] , ϕ = −0.08 ± 0.17 = (−4.58 ± 9.74)^∘ , N_ω(m_ω)/N_ρ = 7.37 ± 1.72 [31] . (32)

From Eqs. (27), (30), and (31) it follows

N_ρ = N_ρ(m_ρ) | | |1 − ε(m_ρ) [N_ω(m_ρ)/N_ρ(m_ρ)]^{12} exp{i (δ_ω − δ_ρ)} | | |^2 , (33) N_ω = B(ω → ππ)N_ω(m_ω) , (34) ϕ = δ_ω − δ_ρ + arg [ε(m_ω) + g_{ωππ}/g_{ρππ} ] − −arg { 1 − ε(m_ρ) [N_ω(m_ρ)/N_ρ(m_ρ)]^{12} exp{i (δ_ω − δ_ρ)} } ≃ ≃ δ_ω − δ_ρ + arg [ε(m_ω) + g_{ωππ} /g_{ρππ}] − −arg { 1 − |ε(m_ω)| [N_ω(m_ω)/N_ρ]^{12} exp{iϕ} } . (35)

From Eqs. (29), (32) and (35) we get that

δ_ρ − δ_ω = (60 ± 15)^∘ [30] and (36) δ_ρ − δ_ω = (106 ± 10)^∘ [31] . (37)

Whereas δ_ρ is the phase of the isovector one-photon amplitude, δ_ω is the phase of the sum of the three-gluon amplitude and the isoscalar one-photon amplitude. But luckily for us the latter is a small correction. Really, it follows from the structure of the electromagnetic current

j_μ(x) = 2 3 ū(x)γ_μu(x) − 1 3 d̄(x)γ_μd(x) − 1 3 s̄(x)γ_μs(x) + ... (38) 4If we use Ref. [2] we shall obtain ε(mω ) + gωππ /gρππ = (2.99 ± 0.25) · 10^{−2} exp {i (102 ± 1)^∘}.

and the Okubo-Zweig-Iizuka rule the ratio for the amplitudes under consideration (please image all possible diagrams!):

A (J/ψ → the isoscalar photon → ωη) A (J/ψ → the isovector photon → ρη) ≡ A (J/ψ → ρη) = 1 3 . (39)

Taking into account Eqs. (32) and (33) one gets

|A (J/ψ → the isoscalar photon → ωη)| |A (J/ψ → the three-gluon → ωη)| ≈ 1 9 . (40)

From Eqs. (36), (37) and (40) one gets easily for the relative phase (δ) between the isovector one-photon and three gluon decay amplitudes

δ = (60 ± 15)^∘ − 4^∘ [30] and (41) δ = (106 ± 10)^∘ − 6^∘ [31], (42)

if the isovector and isoscalar one-photon decay amplitudes have the same phase. In case the isoscalar one-photon and three-gluon (isoscalar also!) decay amplitudes have the same phase

δ = (60 ± 15)^∘ [30] and (43) δ = (106 ± 10)^∘ [31]. (44)

So, both the MARK III Collaboration [30] and the DM2 Collaboration [31], see Eqs. (41), (43) and (42), (44), provide support for the large (nearly 90^∘) relative phase between the isovector one-photon and three-gluon decay amplitudes.

The DM2 Collaboration used statistics only half as high as the MARK III Collaboration, but, in contrast to the MARK III Collaboration, which fitted N_ω as a free parameter, the DM2 Collaboration calculated it from the branching ratio of J/ψ → ωη using Eq. (34).

In summary I should emphasize that it is urgent to study this fundamental problem once again with KEDR in Novosibirsk and with BES II in Beijing.

But I am afraid that only the τ-CHARM factory could solve this problem in the exhaustive way.

4 Conclusion

So, the search for the J/ψ → a_0(980)ρ and J/ψ → f_0(980)ω decays, the more precise definition of B(J/ψ → f_0(980)ϕ), and the study of the ω − ρ^0 interference pattern in the J/ψ → (ρ^0 + ω)η → π^+π^−η decay are the urgent purposes in the J/ψ spectroscopy!

Acknowledgements

I would like to thank Professor Ishida-San, Professor Takamatsu-San and Professor Tsuru-San very much for the Invitation, the financial support and the generous hospitality.

This work was supported in part by RFBR, Grant No 02-02-16061.

References

[1] L. Köpke and N. Wermmes, Phys. Rep. 174 (1989), 67.

[2] Particle Data Group, Phys. Rev. D 66 (2002), 1.

[3] R.L. Jaffe, Phys. Rev. D 15 (1977), 267, 281.

[4] G. Eigen, Proc. the XXIV International Conference on High Energy Physics, Munich, August 4-10, 1988, Springer-Verlag, Eds. R. Kotthaus and J.H. Kühn, Session 4, p. 590.

[5] M.B. Cakir and G.R. Farrar, Phys. Rev. D 50 (1994), 3268;

F.E. Close, G.R. Farrar and Z. Li, Phys. Rev. D 55 (1997), 5749.

[6] N.N. Achasov, S.A. Devyanin and G.N. Shestakov,Yad. Fiz. 32(1980),1098 [Sov. J. Nucl.

Phys. 32 (1980), 566]; Z. Phys.C 22 (1984), 56-61;

Usp. Fiz. Nauk. 142 (1984), 361 [Sov. Phys. Usp. 27 (1984), 161].

[7] N.N. Achasov and V.N. Ivanchenko, Nucl. Phys. B 315, 465 (1989);

N.N. Achasov and V.V. Gubin, Phys. Rev. D 56, 4084 (1997).

[8] N.N. Achasov, Usp. Fiz. Nauk. 168 (1998), 1257 [ Phys. Usp. 41 (1998), 1149];

Nucl. Phys. A 675 (2000), 279c;

Yad.Fiz. 65 (2002) 573 [Phys. At. Nucl. 65 (2002), 546].

[9] N.A. Törnqvist, Phys. Rev. Lett. 49 (1982), 624 ;

Z. Phys. C 68 (1995), 647.

[10] N.N. Achasov, V.V. Gubin, Phys.Rev.D63 (2001), 094007;

Yad. Fiz. 65 (2002), 1566 [Phys. At. Nucl. 65 (2002), 1528].

[11] N.N. Achasov (Plenary session talk), HADRON SPECTROSCOPY, Ninth International Conference on Hadron Spectroscopy, Protvino, Russia 25 August – 1 September 2001, HADRON 2001, edited by D. Amelin and A.M. Zaitsev, AIP CONFERENCE PROCEED- INGS, Vol. 619, p. 112;

N.N. Achasov, hep-ph/0201299;

N.N. Achasov (Invited talk), Nihon-N & KEK symposium, Tokyo, 24-26 February 2003.

[12] N.N. Achasov and G.N. Shestakov, Usp. Fiz. Nauk. 161 (1991), No 6, 53.

[13] G. Lopez Castro, J.L. Lucio M. and J. Pestieau, AIP Conf. Proc. 342 (1995), 441;

hep-ph/9902300.

[14] M. Suzuki, Phys. Rev. D 57 (1998), 5717.

[15] M. Suzuki, Phys. Rev. D 60 (1999), 051501.

[16] J.L. Rosner, Phys. Rev. D 60 (1999), 074029.

[17] Y.F. Gu and S.F. Tuan, Nucl. Phys. A 675(2000), 404c.

[18] J.-M. Gerard and J. Weyers, Phys.Lett. B 462 (1999), 324.

[19] S.F. Tuan (Plenary session talk), HADRON SPECTROSCOPY, Ninth International Conference on Hadron Spectroscopy, Protvino, Russia 25 August – 1 September 2001, HADRON 2001, edited by D. Amelin and A.M. Zaitsev, AIP CONFERENCE PROCEED- INGS, Vol. 619, p. 105.

[20] N.N. Achasov and A.A. Kozhevnikov, Phys. Rev. D 58(1998), 097502;

Yad. Fiz. 62 (1999), 364.

[21] N.N. Achasov and V.V. Gubin, Pis’ma v ZhETF 72 (2000), 3 [JETP Lett. 72 (2000), 1]. [22] N.N. Achasov and V.V. Gubin, Phys. Rev. D 61 (2000), 117504. [23] A.S. Goldhaber, G.S. Fox and C. Quigg, Phys. Lett. 30 B (1969), 249. [24] M. Gourdin, L. Stodolsky and F.M. Renard, Phys. Lett. 30 B (1969), 347. [25] F.M. Renard, Nucl. Phys. B 15 (1970), 118.

[26] N.N. Achasov and G.N. Shestakov, Nucl. Phys. B 45 (1972), 93;

Fiz. Elem. Chastits. At. Yadra 9, 48 (1978) [Sov. J. Part. Nucl. 9 (1978), 19]. [27] N.N. Achasov and A.A. Kozhevnikov, Yad. Fiz. 55 (1992), 809;

Int. J. Mod. Phys. A 7 (1992), 4825.

[28] N.N. Achasov, A.A. Kozhevnikov and G.N. Shestakov, Phys. Lett. 50 B (1974), 448;

N.N. Achasov, N.M. Budnev, A.A. Kozhevnikov and G.N. Shestakov, Yad. Fiz. 23(1976), 610.

[29] Particle Data Group, C. Caso et al., Eur. Phys. J. C 3 (1998), 1. [30] D. Coffman et al., Phys. Rev. D 38 (1988), 2695. [31] J. Jousset et al., Phys. Rev. D 41 (1990), 1389.