arXiv:0909.4002v1 [hep-ph] 22 Sep 2009

Υ(1S) − − > γ(η^′, η, f_2(1270)) decays

B.A.Li Department of Physics and Astronomy, University of Kentucky, Lexington, KY 40506, USA

Υ(1s) → γ(η^′ , η, f_2(1270)) are studied by an approach in which the glueball components of these mesons play dominant role. Strong dependence on quark mass has been found in the decays (J/ψ, Υ(1s)) → γ(η^′ , η). Very small decay rates of Υ(1s) → γ(η^′ , η) are predicted. d-wave dominance has been found in Υ(1s) → γf_2(1270), which leads to larger B(Υ(1s) → γf_2(1270)).

Very small upper limits of the branching ratios of radiative Υ(1s) decays into η and η^′ have been reported by CLEO[1]

B(Υ(1s) → γη) < 1.0 × 10^{−6}, B(Υ(1s) → γη^′) < 1.9 × 10^{−6}. (1)

at the 90%C.L. B(Υ(1S) → γη^′) is smaller than

B(J/ψ → γη^′) = (4.71 ± 0.27) × 10^{−3} (2)

by almost three order of magnitudes. On the other hand[2],

B(Υ(1S) → γf_2(1270)) = (10.2 ± 0.8 ± 0.7) × 10^{−5}, B(Υ(1S) → γf_2(1270)) = (10.5 ± 1.6^{+1.9}_{−1.8}) × 10^{−5}.(3)

are reported by CLEO. B(Υ(1S) → γf_2(1270)) is about one order of magnitude smaller than

B(J/ψ → γf_2(1270)) = (1.43 ± 0.11) × 10^{−3}. (4)

In this talk we try to understand why B(Υ(1s) → γη^′) is so small and B(Υ(1S) → γf_2(1270)) is not that small.

In pQCD radiative decay of a heavy vector meson is described as V → γgg. The two gluons are color singlet and they can form 0^{++}, 0^{−+} and 2^{++} states. J/ψ radiative decay has long been regarded as a fertile hunting ground for glueballs. So far, the existence of glueball has not been established. The efforts in search for glueball are complicated by mixture between the components of gluons and quarks. The difference between the radiative decays of J/ψ and Υ(1s) is caused by the mass difference of c- and b-quark. In 1984[3] we have studied J/ψ → γη, γη^′. In this study η^′ and η are taken as mixing states of glueball and qq̄ mesons and the gluon contents make dominant contributions to J/ψ → γη, γη^′. The ratio Γ(J/ψ → γη^′) Γ(J/ψ → γη) = 5.30 ± 0.05 (5)

has been predicted, which agrees with data very well. The same approach is applied to study Υ → γη^′(η). The U(1) anomaly of η^′ meson shows that there is strong coupling between η^′ and two gluons. and η^′ contains substantial gluon content. In this approach the decays of J/ψ → γη^′(η) contain two parts: the amplitude of J/ψ → γgg is calculated by pQCD and the couplings gg → η^′(η) are dominated by the gluon contents of η^′ and η. The flavor singlet part of η and η^′ is a mixing state of glueball and quark singlet |η_0 >= sinϕ|G > +cosϕ|qq̄ >, (6) where ϕ is the mixing angle. It is argued in Ref.[3] that the quark contents of η and η^′ are suppressed in J/ψ → γη(η^′) by O(α^2_s ). Therefore, only the glueball content is taken into account in the calculations of Γ(J/ψ → γη(η^′)). The coupling between state-G and two gluons is expressed as

< G|T {A^a_α(x_1)A^b_β (x_2)}|0 > = δ_{ab} √ 2E_G ϵ_{αβμν} (x_1 − x_2)^μp^ν f_G(0)e^{i2 pG(x1+x2)}. (7)

The decay widths are derived as Γ(J/ψ → γη^′) = cos^2θsin^2ϕ 2^{11} 81 αα^2_s (m_c)ψ^2_J (0)f^2_G 1 m^8_c

(1 −^{m2η′}_{m2J} )^3

{1 − 2^{m2η′}_{m2J} +^{4m2c}_{m2J} }^2

{2m^2_J − 3m^2_η′ (1 + 2m_c m_J ) − 16 m^3_c m_J }^2, (8)

Γ(J/ψ → γη) = sin^2θsin^2ϕ 2^{11} 81 αα^2_s (m_c)ψ^2_J (0)f^2_G 1 m^8_c

(1 −^{m2η}_{m2J} )^3

{1 − 2^{m2η}_{m2J} +^{4m2c}_{m2J} }^2

{2m^2_J − 3m^2_η(1 + 2m_c m_J ) − 16 m^3_c m_J }^2, (9)

ψ^2_J (0) = 27 64πα^2 m^2_J Γ_{J/ψ→ee}+ . (10)

In the study of J/ψ → γ + f(1273)[4] it is found that m_c = 1.3GeV fits the data very well and this value is in the range of m_c = 1.25 ± 0.09GeV [5], and the mixing angle is taken θ = −10.75^0 ± 0.05^0. The value(5) is predicted

The factor^1_{m8c} in Eq.(8) shows strong dependence of the decay rate on m_c. Because of the cancellation between m_J and m_c in the factors {1 − 2 m^2_η m^2_J + 4m^2_c m^2_J

}^2,

{2m^2_J − 3m^2_η(1 + 2m_c m_J ) − 16 m^3_c m_J }^2

of Eq.(8) the decay rates are very sensitive to the value of m_c.

By changing corresponding quantities, the decay rates of Υ(1s) → γη^′, γη are obtained. The ratio is determined to be R_η′ = B(Υ → γη^′) B(J/ψ → γη^′) = 1 4 α^2_s(m_b) α^2_s (m_c) ψ^2_Υ(0) ψ^2_J (0) m^8_c m^8_b

(1 −^{m2η′}_{m2Υ} )^3

(1 −^{m2η′}_{m2J} )^2

(1 − 2^{m2η′}_{m2J} + 4^{m2c}_{m2J} )^2

(1 − 2^{m2η′}_{m2Υ} + 4^{m2b}_{m2Υ} )^2

{2m^2_Υ − 3m^2_η′ (1 +^{2mb}_{mΥ} ) − 16^{m3b}_{mΥ} }^2 {2m^2_J − 3m^2_η′ (1 +^{2mc}_{mJ} ) − 16^{m3c}_{mJ} }^3 Γ_{J/ψ} Γ_Υ

, (11)

where ψ^2_Υ(0) ψ^2_J (0) = 4 Γ_{Υ→ee}+ Γ_{J/ψ→ee}+ m^2_Υ m^2_J

. (12)

If m_J = 2m_c and m_Υ = 2m_b are taken R_η′ = B(Υ → γη^′) B(J/ψ → γη^′)

R_η′ = Γ(Υ → γη^′)/Γ(Υ → light hadrons) Γ(J/ψ → γη^′)/Γ(J/ψ → lighthadrons) ×

B(Υ → light hadrons) B(J/ψ → light hadrons)

= α_s(m_c) α_s(m_b) ( m_c m_b )^7 1 −^{m2η′}_{4m2b} 1 −^{m2η′}_{4m2c} B(Υ → light hadrons) B(J/ψ → light hadrons) × Γ_{Υ→ee} Γ_{J/ψ→ee} = 0.29 α_s(m_c) α_s(m_b) ( m_c m_b )^7.(13)

Comparing with all other studies, stronger dependence on quark masses and small coefficient are obtained by this approach. m_b = 4.7 GeV and m_c = 1.3GeV are taken. Inputting B(J/ψ → γη^′), it is obtained B(Υ → γη^′) = R_η′ B(J/ψ → γη^′) = 1.04 ×^{−7} B(Υ → γη) = 0.022B(Υ → γη^′) = 0.23 × 10^{−8}.(14)

Both branching ratios are less than the experimental upper limits.

The same approach has been applied to study J/ψ, Υ(1s) → γf_2(1270)[4], in which the vector bosons decays to γgg and f_2(1270) is coupled to two gluons. The tensor meson f_2(1270) contains glueball components |f_2 >= cosϕ|qq̄ > +sinϕ|gg > . (15) The glueball component of f_2 is dominant in the decay J/ψ, Υ(1S) → γf_2. We have studied J/ψ → γf_2(1270) long time ago[4].

< f_{λ2} γ_{λ1} |S|J_λ >= (2π)^4δ(p_J − p_γ − p_f )e(8ω_γ E_f E_J )^{− 12} T_{λ2} ,

T_0 = − 2 √ 6 (A_2 + p^2A_1),

T_1 = − √ 2 m_J (EA_2 + m_f p^2A_3),

T_2 = −2A_2, (16)

A_1 = −a

2m^2_f − m_J (m_J − 2m_c) m_cm_J [m^2_c +^1_4 (m^2_J − 2m^2_f )] , A_2 = −a 1 m_c { m^2_f m_J − m_J + 2m_c}, A_3 = −a m^2_f −^1_2 (m_J − 2m_c)^2 m_cm_J [m^2_c +^1_4 (m^2_J − 2m^2_f )] , a = 16π 3 √ 3 α_s(m_c)G(0)ψ_J (0) √ m_J m^2_c , E = 1 2m_f (m^2_J + m^2_f ), p = 1 2m_f (m^2_J − m^2_f ), (17)

where G(0) and ψ_J (0) are the wave functions at origin of the glueball and J/ψ respectively. The decay width of J/ψ → γf_2 is derived as Γ(J/ψ → γf_2) = 128πα 81 sin^2ϕα^2_s (m_c)G^2(0)ψ^2_J (0) 1 m^4_c

(1 − m^2_f m^2_J

){T^2_0 + T^2_1 + T^2_2 }.(18)

The ratios of the helicity amplitudes are defined as x = T_1 T_0 , y = T_2 T_0

. (19)

It is obtained y = 0 where m_c = 1.3GeV is taken. It agrees with data. By changing corresponding quantities, the helicity amplitudes and the decay width of Υ(1s) → γf_2 are obtained. The ratios of the helicity amplitudes are obtained

x^2 = 0.058, y^2 = 5.9 × 10^{−3}. (20)

They are consistent with experimental values[5]

x^2 = 0.00^{+0.02+0.01} −0.00−0.00, y 2 = 0.09^{+0.08+0.04}

−0.07−0.03. (21)

In order to show the quark mass dependence of the ratio,^{B(Υ→γf2)}

B(J/ψ→γf_2) , the decay rates of J/ψ and Υ are

simplified. For J/ψ → γf_2 the value of m_c makes T_2 ∼ 0 and A_2 = 0 is taken. For Υ → γf_2 because of small x^2 and y^2 then T_1 and T_2 are ignored. In QCD J/ψ, Υ → light hadrons are described as J/ψ, Υ → 3g whose decay width is proportional to α^3_sm_V , where m_V is the mass of J/ψ, Υ respectively. The ratio is expressed as R = B(Υ → γf_2) B(J/ψ → γf_2) = Γ(Υ → γf_2) Γ(J/ψ → γf_2)

× Γ(J/ψ → lh) Γ(Υ → lh) B(Υ → lh) B(J/ψ → lh)

= 1.06 α_s(m_c) α_s(m_b) p^4_Υ p^4_J

m_J m^6_c m_Υm^6_b

[m^2_c +^1_4 (m^2_J − 2m^2_f )]^2 [m^2_b +^1_4 (m^2_Υ − 2m^2_f )]^2

(1 −^{m2f}_{m2Υ} )

(1 −^{m2f}_{m2Υ} )

{2m^2_f − m_Υ(m_Υ − 2m_b)}^2

{2m^2_f − m_J (m_J − 2m_c)}^2 + 6^{m2f}_{m2J} {m^2_f −^1_2 (m_J − 2m_c)^2}^2

,(22)

where

p_Υ = m^2_Υ 2m_f (1 − m^2_f m^2_Υ ), p_J = m^2_J 2m_f (1 − m^2_f m^2_J

). (23)

Two factors affect the quark mass dependence of the ratio R. It is the same as B(Υ → γη^′(η)), in the am- plitude (Υ, J/ψ) → γgg, gg → f_2 (Υ, J/ψ) → γgg is strongly suppressed by heavy quark mass. The second one is that d-wave dominates both the decay amplitudes of (Υ, J/ψ) → γf_2. The s-wave is only related to A_2 which is very small and can be ignored in both cases. The enhancement factor,^{p4Υ}_{p4J} , is the consequence of the d-wave dominance. This factor increases with b-quark mass dramatically. The combination of these two effects makes the dependence of^{B(Υ→γf2)}

B(J/ψ→γf_2) on quark masses much weaker

than the ratio^{B(Υ→γη′ (η)}

B(J/ψ→γη^′(η)) . d-wave dominance in

Υ, J/ψ → γf_2 leads to larger B(Υ → γf_2).

m_c = 1.29GeV and m_b = (5.04 ± 0.075 ± 0.04)GeV are chosen to fit the experimental data of B(Υ(1S) → γf_2(1270))(3). The m_c agrees with experimental value and m_b is in agreement with 1S mass of m_b.

References

[1] S.B.Athar et. al., CLEO Collaboration, Phys. Rev.

D76, 072003(2007).

[2] S.B.Athar et al., CLEO Collaboration, Phys.Rev.D73, 032001(2006); D.Besson et al., CLEO Collaboration, Phys.Rev.D735, 072001(2007).

[3] H.Yu, B.A.Li, Q.X.Shen, and M.M.Zhang, Phys.

Energ. Fortis et Phys. Nucl.(Chinese),8,285(1984); B.A.Li, Phys.Rev.D77, 097502(2008).

[4] Bing An Li and Q.X. Shen, Phys. Lett. 126B, 125 (1983).

[5] C.Amsler et al., Particle Data Group, Physics Letters, B667,1(2008).