arXiv:hep-ph/0508288 v4 18 Dec 2005

X(1835) as the Lowest Mass Pseudoscalar Glueball and Proton Spin Problem

Nikolai Kochelev^{a,b1}, Dong-Pil Min^{a 2}

(a) School of Physics and Center for Theoretical Physics, Seoul National University, Seoul 151-747, Korea

(b) Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research, Dubna, Moscow region, 141980 Russia

Abstract We consider the parity doublet structure observed in high hadronic excitations within the instanton model for the QCD vacuum. In the conventional approach this doubling phenomenon is treated as a manifestation of the partial restoration of chiral or U(1)_A symmetry. We demonstrate that the suppression of direct instanton contribution to the masses of excited hadrons leads to the partial U(1)_A symmetry restoration in hadron spectrum. The origin of X(1835) resonance observed by BES Collaboration is studied upon the doublet structure. We argue also how X(1835) be interpreted as the lowest pseudoscalar glueball state, and derive its coupling constant to proton. It turns out that this coupling is large and negative. Demonstrated is how this large coupling affects the gluonic contribution to the proton spin.

1kochelev@theor.jinr.ru 2dpmin@phya.snu.ac.kr

1 Introduction

Recently, several attempts have been made to explain the observed parity doublet structure in excited hadron spectrum [1, 2]. In fact, Glozman [1] suggested, without giving the underlying mechanism a la QCD, that the appearance of this structure is the consequence of the restoration of the chiral or U(1)_A symmetry in highly excited states.

The existence of instanton, a strong non-perturbative fluctuation of gluon field, in QCD vacuum is considered as a primary factor for the chiral and U(1)_A symmetries violation in strong interaction (see reviews [3, 4]). Therefore it is natural to assume that the parity doublet structure in high hadronic excitations stems from suppression of the interaction between quarks and gluons induced by instanton. A well-known example of such interaction is the famous t’Hooft quark-quark interaction arising from the quark zero-modes in instanton field [5]. The most convenient way to investigate the properties of hadrons is the consideration of the correlator of the currents with definite quantum numbers, for instance QCD sum rule method [6]. Within this approach the U(1)_A-violated t’Hooft interaction is related to the so-called direct instanton contribution to the correlator [3].

In this Letter we show that for high hadronic excitations the direct instanton contribution to the difference of the correlators of currents with the same quantum numbers except parity is suppressed and therefore the U(1)_A should be partially restored. As a result of the restoration, the parity doublet structure in hadron spectrum is expected. We can obtain the relationship of residues and masses of parity partners with the single instanton contribution to correlators. As an important application we try to interpret the X(1835) resonance recently observed by BES Collaboration [7, 8] as a glueball. The arguments to consider the parity doublet [f_0(1710), X(1835)] as the lowest glueball states are given. We present the estimations of X(1835) coupling to gluons and its contribution to the generalized Goldberger-Treiman relation for the flavor singlet axial coupling of proton. We then show how the so-called proton spin problem may be resolved.

2 Parity doubling in hadron spectrum and instantons

A very important feature of the direct instanton contribution to the correlator of two hadronic currents with the opposite parities but with the same other quantum numbers, is the flipping of the sign of contribution with changing of parity i ∫ d^4xe^{iqx} < 0|T J_±(x)J_±(0)|0 >= ±Π_I (Q^2), (1)

where Q^2 = −q^2. This property is known for a long time (see for example Tables in paper [9]) and directly related to the U(1)_A symmetry violation induced by instantons and to the (anti-) self-duality of (anti-)instanton field in Euclidean space-time, G^{I,Ī}_{μν} = ± ~G^{I,Ī}_{μν} . Therefore, the difference in two correlators, determining the splitting of mass among a parity doublet,

ΔΠ(Q^2) = i ∫ d^4xe^{iqx}(< 0|T J_+(x)J_+(0)|0 > − < 0|T J_−(x)J_−(0)|0 >), (2)

can be related to the single-instanton contribution calculated with some effective instanton density. On the other hand, the phenomenological representation of Eq. (2) can be determined by the difference of contributions of parity partners

ΔΠ(Q^2) = ∑ n { λ_{n+}^2 M_{n+}^2 + Q^2 − λ_{n−}^2 M_{n−}^2 + Q^2 }, (3) where λ_i is the residue, and M_i is the mass of corresponding resonances.

The instanton field has the strong localization in space-time

A_μ^a(x) =

2η̄_{aμν} (x − x_0)_ν ρ^2 g_s(x − x_0)^2((x − x_0)^2 + ρ^2)

, (4)

where x_0 is the center of instanton , ρ is the instanton size, η̄_{aμν} is the ’t Hooft symbol. Eq. (4) corresponds to the singular gauge. The localization property leads to the direct instanton contribution into hadron correlator which is proportional to the product of McDonald functions K_n(z), with z = ρQ [10]. The McDonald function has exponential damping factor ∼ exp(−ρQ) at large z . The contribution from the given parity doublet becomes important in the sum in Eq.(3) at |Q| ∼ M_i. Therefore, in high hadronic excitation, due to the exponential decay of direct instanton contribution to ΔΠ(Q^2), we expect the decrease of splitting in a parity doublet. It is evident now that the observed degeneration between excited hadron states of opposite parities can be understood as an effect of the partial restoration of the U(1)_A symmetry arising from the suppression of single-instanton contribution. It should be emphasized that the chiral symmetry restoration does not result from the same suppression mechanism because the chiral symmetry violation is intimately related to the delocalization of quarks among many instantons [4].

3 X(1835) as a lowest mass pseudoscalar glueball

The identification of the glueball states in the hadron spectrum is one of the most exciting topics of hadron spectroscopy [11, 12, 13, 14]. In the scalar sector of J^{P C} = 0^{++} there are three candidates for the most low-lying mass glueball states as f_0(1370), f_0(1500) and f_0(1710). Their masses are in fair agreement with the prediction of lattice QCD , m = 1.4 ∼ 1.8 GeV, [15] and also with QCD sum rules approaches [16, 17]. However, for the pseudoscalar sector of (J^{P C} = 0^{−+}), the situation is not so clear. Only η(1440) is being discussed as a possible candidate for the pseudoscalar glueball [18, 19]. But, this identification is doubted by large disagreement between its experimental observation and theoretical predictions of both lattice QCD [15] and QCD sum rules calculation [16, 17], of which values range between m = 1.86 and 2.7 GeV. Furthermore, the peculiarities of η(1440) production in different reactions support these doubts on its glueball origin [20, 21].

Recently, BES Collaboration observed X(1835) state in the reactions J/Ψ → γpp̄ and J/Ψ → γη^′π^+π^− [7, 8]. The most remarkable property of this state is its strong coupling with proton-antiproton channel, leading to speculations about its baryonium origin (see [22] and references therein).

Now let us apply the instanton mechanism for parity doubling in hadron spectrum discussed above to the problem of low mass glueballs.^1 The direct instanton contribution

1The phenomena of the parity degeneracy in glueball spectrum is also appeared within model of glueballs as the twisted closed gluonic flux tubes [19].

to the difference of two correlators of glueball currents with opposite parities is given by [24, 17]

ΔΠ(Q^2)_G = i ∫ d^4xe^{iqx}(< 0|T O_S (x)O_S (0)|0 > − < 0|T |O_P (x)O_P (0)|0 >) = 2^6π^2 ∫_{ρcut} 0 dρn(ρ)(ρQ)^4K_2^2(ρQ), (5)

where the glueball currents for scalar and pseudoscalar states are the following

O_S (x) = α_sG^a_{μν} (x)G^a_{μν} (x), (6)

O_P (x) = α_sG^a_{μν} (x) ~G^a_{μν} (x), (7)

and ~G^a_{μν} (x) = 1/2ϵ_{μναβ} G^a_{αβ}(x). In Eq. (5), ρ_{cut} is the cutoff of instanton size, ρ_{cut} ≈ 1/μ_r , where μ_r is the normalization scale (see discussion in [17]).

Within the instanton liquid model of QCD vacuum the instanton density n(ρ) in Eq. 5 can be approximated rather well by the Gaussian-tail distribution ( see [3] and discussion around Eq. (85) in [17]) n(ρ) = 2^{18}n_{ef f} ρ^4 3^6π^3ρ^5_c exp(− 2^6ρ^2 3^2πρ^2_c

), (8)

with n_{ef f} ≈ 0.5fm^{−4} and ρ_c ≈ 0.33fm. The shape of Eq.(8) has correct behavior as being ∝ ρ^{b0 −5} at small ρ for number of flavors N_f = 3 ( b_0 = 11N_c/3 − 2N_f /3) given by instanton perturbative theory, and at large ρ as being ∝ exp(−a^2ρ^2) which is supported by the lattice calculations (see discussion in [25]).

We may match the glueball contribution of Eq.(5) with the phenomenological Eq.(3) by noting the most important contribution comes from the low-lying mass states. Then, all states can be identified with quantum numbers I = 0, J^{P C} = 0^{±,+} . For the negative parity states we have evidently the following candidates as η(550), η^′(958), η(1295), and η(1440).^2 We now assume that the new resonance X(1835) is the lowest mass pseudoscalar glueball state and will be added to this list. For the positive parity states the candidates are f_0(600)/σ, f_0(980), f_0(1370), f_0(1500), and f_0(1710). Now, by looking at the values of their masses one can form the parity doublets : [η(550), f_0(600)/σ], [η^′(958), f_0(980)], [η(1295), f_0(1370)], [η(1440), f_0(1500)], [X(1835), f_0(1710)].^3 We consider only chiral limit m_u = m_d = m_s = 0 and therefore neglect all possible effects related to the mixing between SU(3)_f octet and singlet states. Thus, the contribution to Eq.(3), originated from member of SU(3)_f octet, η(550), and, correspondingly, its parity partner f_0(600)/σ, should be excluded. It is well known that due to axial anomaly η^′(958) has strong coupling to gluons (see review [26]): N_f < 0| α_s 4π G^a_{μν} ~G^a_{μν} |η^′ >= F_η′ m^2_η′ , (9) 2The Particle Date Group gives now two resonances η(1405) and η(1475), instead of a single resonance η(1440) [27]. However, this splitting can be easily explained by a node in the wave function of η(1440), interpreted as a first radial excitation of the qq̄ system [20].

3Recently BES Collaboration has observed additional resonance f_0(1790) in the decay J/Ψ → ϕπ^+π^− [23]. This state has similar properties with f_0(1370), which has observed in the same reaction. Therefore, one can treat f_0(1790) as the next radial excitation of f_0(1370). Furthermore, this state is a good candidate for the parity partner of η(1760) [27]. However, it is necessary to confirm the existence of both of these states.

where F_η′ ≈ √ 3f_π , the f_π = 132 MeV is the pion decay constant. Therefore, there is the contribution to Eq. (3) coming from the doublet [η^′(958), f_0(980)]. Usually, η(1295) and η(1440) are considered as good candidates for 2S radial excited states of η and η^′. We accept this treatment and neglect contributions from doublets [η(1295), f_0(1370)] and [η(1440), f_0(1500)] to Eq. (3) which must be smaller than the contribution from the doublet [η^′(958), f_0(980)]. Our numerical fit shows that even the contribution of the ground qq̄ state mesons, η^′(958) and f_0(960), to Eq.3 is very small. Therefore, one can neglect all contributions of their radial excitations.

Let us discuss now the candidate for glueball parity doublet [X(1835), f_0(1710)]. Both of them have been observed in radiative J/Ψ decay, which is considered as one of the important properties of glueball. Furthermore, in a recent paper [28] it was argued that the larger observed coupling of scalar glueball f_0(1710) to KK̄ state than to two pion state could be easily explained by using the chirality argument. The X(1835) was observed in two channels, pp̄ and η^′π^+π^−, but was not in π^0π^+π^− channel. The observation of X(1835) in the channel with η^′ suggests strongly its glueball origin stemming from the large coupling of η^′ to gluons. Furthermore, the strong coupling of this state to protonantiproton state can be related to the large contribution of gluon axial anomaly to proton spin as we will show later. The non-observation of decay of this state to π^0π^+π^− can be easily explained by very small mixing, being ∝ (m_u − m_d)/M_G, of I = 1 π^0 state with I = 0 glueball. We should also mention that the mass value of f_0(1710) for the scalar glueball is supported by the quenched lattice calculations [15], while the mass value of X(1835) for the pseudoscalar glueball state is smaller than the quenched lattice prediction, M_0− ≈ 2.5 GeV [15]. However, such a difference might be related to the neglect of the correlations between instantons in the quenched approximation. These correlations come from the virtual qq̄ pair exchanges between instantons. One should keep in mind that such correlations lead to the so-called topological charge screening effect, which is specially important for flavor singlet pseudoscalar channel (see discussion in [3] and [17]). It would not be worthless to point out that the mass of X(1835) is quite close to the lowest value predicted by QCD sum rules for pseudoscalar glueball M_P = 1.86 GeV [16] and M_P = 2 GeV [17].

Now we are in position to estimate the coupling of X(1835) with gluons. By assuming that residues of parity partners are equal^4 and using Eq. (9)

λ_{f0(980)} = λ_η′ =< 0|α_sG^a_{μν} ~G^a_{μν} |η^′ >≈ 0.88GeV^3, (10)

the value for the residue of X(1835)

λ_{f0 (1710)} = λ_X =< 0|α_sG^a_{μν} ~G^a_{μν} |X >, (11)

is obtained by fitting the contribution of direct instantons Eq. (5) with a natural normalization scale μ_r ≈ M_η′ by formula

ΔΠ(Q^2) = λ^2_η′ ( 1 M^2_{f0 (980)} + Q^2 − 1 M^2_η′ + Q^2

) + λ^2_X ( 1 M^2_{f0 (1710)} + Q^2 − 1 M^2_{X(1835)} + Q^2

) (12)

in interval Q > 1GeV . The final result is

λ_X = λ_{f0 (1710)} = 2.95GeV^3. (13)

4The attempt to fit the difference of correlators Eq. (5) with the different values of residues in Eq. (3) has lead to the worse result.

The value Eq.(13) can be compared with results of recent QCD sum rules analysis for pseudoscalar λ_P ≈ 2.9 GeV^3 and scalar λ_S ≈ 1.64 GeV^3 glueballs [17] (see also [16]). The comparison of theoretical Eq.(5) and phenomenological Eq.(12) results is presented

Figure 1: The result of fitting the phenomenological part of difference between two correlators of gluon currents, Eq. (12), (dashed line) in comparison with the direct instanton contribution, Eq. (5), (solid line).

in Fig.1. It is evident that the our phenomenological model for the difference of two gluon correlators, based on interpretation of X(1835) as a lowest glueball state, gives very good description of direct instanton contribution. We should also mention, that due to large difference in the value of residues between glueball [X(1835), f_0 (1710)] and quark [η^′(958), f_0(980)] doublets, the contribution of later can be safely neglected. Thus, one can conclude that our hypothesis on glueball origin of X(1835) is not in the contradiction with the modern knowledge of the behavior of gluon current correlators, and the coupling of this state to gluons is very large^5.

4 Proton spin problem and glueball X(1835)

During the last two decades there have been many attempts, both theoretical and experimental (see reviews [30, 31, 32]), to understand how the spin is distributed among the different components of the proton. This investigation is named generically as the proton spin problem. Since no fully satisfactory understanding albeit many conjectures has been found to this problem there is no unique answer to the question: where lies the proton spin? In this section a new way of the solution to that problem based on the existence of light pseudoscalar glueball X(1835) is suggested.

Present wisdom tells that the small observed value of the flavor singlet axial coupling of nucleon g^0_A, is followed from the non-conservation of the flavor singlet axial-vector current in chiral limit ∂_μJ^0_{μ5}(x) = 2N_f α_s 8π G^a_{μν} ~G^a_{μν} . (14) By taking the matrix element of Eq. (14) between proton states, one can find the relation [33, 34]

g^0_AiΨ̄_P γ_5Ψ_P = N_f M_P < P | α_s 8π G^a_{μν} ~G^a_{μν} |P >, (15) 5The possibility of strong coupling X(1835) to gluons was pointed out by Rosner in [29]

where M_P is the proton mass. The matrix element of gluon operator in Eq.(15) can be rewritten as a sum over all possible intermediate pseudoscalar states G connected with gluons by < P |α_sG^a_{μν} ~G^a_{μν} |P >= ∑ G, k^2→0 < 0|α_sG^a_{μν} ~G^a_{μν} |G >< GP |P > k^2 − M^2_G

, (16)

where the coupling < GP |P > is

< GP |P >= −ig_{GP P} Ψ̄_P γ_5Ψ_P . (17)

By using Eqs. (3, 11, 16), we obtain

g^0_A = F_η′ g_η′_{P P} 2M_P + F_X g_{XP P} 2M_P . (18)

where F_X = N_f λ_X 4πM^2_X

. (19)

We will call Eq. (18) as a generalized Goldberger-Treiman relation for the flavor singlet axial coupling in comparison with the well-known Goldberger-Treiman relation for the flavor non-singlet axial vector coupling in the chiral limit

g^3_A = F_πg_{πN N} 2M_P , g^8_A = F_ηg_{ηN N} 2M_P , (20)

where F_π = √ 2f_π and F_η ≈ √ 6f_π . The first term in Eq. (18) can be theated as the valence quark contribution to the proton spin. For SU(6) value of g_η′_{N N} = 6.5 (see [31]) we have for the valence part g^v_A = 0.79, (21) which lies between the values given by the non-relativistic quark model, g^v_A = 1 and by the MIT bag model g^v_A = 0.65. The second term in Eq. (18) comes from X(1835) glueball and therefore its interpretation as a gluon contribution to proton spin is very plausible. The gluon contribution is determined by the value of residue Eq. (13), which has been estimated above, and by the value of coupling g_{XP P} . This coupling was estimated in a recent paper [22] from experimental branching ratio of production X(1835) to pp̄ in radiative decay of J/Ψ g_{XP P}^2 4π ≈ 1, (22)

i.e. |g_{XP P} | ≈ 3.5. We should stress that the sign of the coupling cannot be fixed via the branching ratio. The value of g_{XP P} is very large, approximately one half of η^′ coupling with nucleon. The arguments in favor of negative sign of this coupling constant will be given below. It follows that g_{XP P} ≈ −3.5. (23) By using Eqs. (13, 18, 23) we obtain for the gluon contribution to g^0_A g^{glue}_A ≈ −0.39. (24)

The total value of the flavor singlet axial coupling is

g^0_A ≈ 0.4. (25)

Therefore, we have obtained very large decreasing of g^0_A, arising from the contribution of glueball X(1835) to proton matrix element of pseudoscalar gluon density. The value of g^0_A, Eq. (25), is in agreement with the present experimental data g^0_A ≈ 0.3 ∼ 0.4 (see [35], [36] and references therein).

To estimate the coupling of X(1835) to proton within non-perturbative QCD we assume that the coupling is determined by interaction of its two valence gluons with proton quarks through the instanton. The two-gluon interaction with quark induced by instanton follows from the generalized t’Hooft Lagrangian obtained from quark and gluon fields in instanton background [5, 37, 3, 4]: L_{ef f} = ∫ dUdρn(ρ) ∏ q −F_q(k_q ρ, k_gρ) 2π^2ρ^3 m^∗_qρ q̄_R(1 + i 4 U_{ab}τ^aη̄_{bμν} σ_{μν} )q_L · e^{− 2π2g ρ2Ucdη̄dαβ Gcαβ} + (R ↔ L), (26) where m^∗_q is the effective quark mass in the instanton vacuum, U is the orientation matrix of the instanton in SU(3)_c. Notice that the form factor F_q takes into account the off-shell of quarks and gluons interacting to the instanton, and k_q, k_g are virtualities of quarks and gluons, respectively. The Lagrangian Eq. (26) leads to the following two-gluon vertex coupling with flavor singlet pseudoscalar current J^0_5 = ūγ_5u + d̄γ_5d + s̄γ_5s L_{ggq} = −iF (Q) n_{ef f} π^3ρ^4_c 4 < 0|q̄q|0 > α^2_s α_sG^a_{μν} ~G^a_{μν} J^0_5 , (27)

where F (Q) is a form factor. In vacuum dominance approximation^6 the effective X(1835) interaction is given by L_{Xqq} = −ig_{Xqq}XJ^0_5 , (28) where g_{Xqq} ≈ π^3n_{ef f} ρ^4_c λ_X 4 < 0|q̄q|0 > α^2_s F_X (m_X ), (29)

and we have elaborated the simplest version of Shuryak’s instanton liquid model [10]: n(ρ) = n_{ef f} δ(ρ − ρ_c), m^∗_q = − 2 3 π^2ρ^2_c < 0|q̄q|0 > . (30)

The effective η^′-quark Lagrangian

L_η′_{qq} = −ig_η′_{qq}η^′J^0_5 (31)

follows from the four-quark t’Hooft interaction induced by instantons [5]. Within the same approximation as above the coupling is derived as follows g_η′_{qq} ≈ 2n_{ef f} λ_η′^q < 0|q̄q|0 >^2 F_η′ (m_η′ ) (32)

6The similar approximation was used in papers [41] and [42] for the estimation of the instanton contribution to weak decay K → ππ and strong decays of charmonium and glueballs.

where λ_η′^q =< 0|iJ^0_5 |η^′ > /3, and F_η′ (m_η′ ) is the instanton induced form factor. With the values λ_η′^q ≈ 0.16 GeV^2 [38], < 0|q̄q|0 >= −(250MeV )^3, and α_s ≈ 0.5 [4], we obtain the estimate g_{Xqq} ≈ −36.1 · F_X (m_X ), g_η′_{qq} ≈ 1.0 · F_η′ (m_η′ ). (33) So that the coupling constant of pseudoscalar glueball is negative. The absolute value of couplings strongly depends on the form factors in Eq. (33) which are determined by the complicate dynamics related to wave functions of X(1835), η^′ and instanton form factor. The ratio of couplings of X(1835) and η^′ can be estimated roughly as g_{XP P} g_η′_{P P} ≈ g_{Xqq} g_η′_{qq} ≈ −36 · exp(−2ρ_c(m_X − m_η′ )) ≈ −2. (34) Therefore, the glueball coupling with proton is large and negative. This negative sign is related directly to the negative sign of quark condensate and sign difference of effective t’Hooft interaction for even and odd number of quark legs incoming to the instanton.

We should emphasize that at present the both, η^′ and X couplings with proton, are not well known. Thus, the old phase shift analysis of elastic nucleon-nucleon scattering within one boson exchange (OBE) model [39] gives a large value for g_η′_{N N} ≈ 7.3, which is close to SU(6) value. Whereas the recent analysis of data on the reactions γp → pη^′ and pp → ppη^′ within relativistic OBE model gives the estimate g_η′_{N N} ≤ 3 [40]. However, it is clear that for a careful extraction of η^′ coupling one has to consider the additional glueball contribution to the hadronic reactions. It should be mentioned that rough estimation of the glueball coupling constant to proton Eq. (23) given in [22] is based on limited data of the BES Collaboration on the reaction J/Ψ → γpp̄ [7]. Additional experimental and theoretical studies are necessary to fix that coupling.

Let us discuss some possible reactions where X(1835) can give significant contribution. Our identification of X(1835) as the lowest pseudoscalar glueball state leads to the expectation that its coupling to two real photons should be small or even vanishing. This expectation is based also on the decoupling of gluon axial anomaly from two real photons. Thus, the photon contribution to the axial charge vanishes on-shell, and the first moment of spin-dependent structure function of photon g^γ_1 becomes zero as well [43, 44]^7 . However, X(1835) should couple to heavy vector currents, i.e. to non-zero virtual photons, gluons and massive vector mesons. This property is also related to peculiarities of axial anomaly (see [31]). Therefore, one can expect a large contribution of X(1835) in vector meson photo- and electro-production, in radiative decays of heavy quarkoniums and in γ^∗γ, γ^∗γ^∗ collisions. In particular, the contribution of X(1825) might be behind of the difference in cross sections of ρ^+ρ^− and ρ^0ρ^0 production in the reaction γγ^∗ → ρρ, recently observed by L3 Collaboration [46]. Furthermore, the observation of X(1835) in the radiative decays J/Ψ → γ(γρ, γΦ), γ(ρρ) at BES would give very useful information on coupling of X(1835) to vector currents. The investigation of direct photo- and electro-production of X(1835) at upgraded CEBAF and SPring8 and at COMPASS, together with the study of its contribution to the cross-sections of various reactions at large momentum transfer, is certainly welcome.

7For the real incident photons this fact was known for a long time [45]. We are grateful to Sergo Gerasimov for discussion of this problem.

5 Conclusion

A new mechanism of parity doubling in high hadronic excitations is suggested. We have shown that the direct instanton contribution, responsible for the mass splitting between states with opposite parities and the same other quantum numbers, is suppressed for massive hadrons. Based on the instanton mechanism of partial U(1)_A symmetry restoration, we consider the parity doublet [X(1835), f_0(1710)] as the lowest mass glueball states and suggested an explanation of recent results of BES Collaboration [7], [8] which observed a resonance X(1835) with very unusual properties. It is shown that the large coupling of X(1835) with gluons and proton allows us to give a new explanation of the so-called ’spin crisis’. The estimation of glueball coupling to quark, based on effective instanton induced interaction, provides the negative sign of the glueball coupling to proton state. This negative sign is the fundamental reason for the observed smallness of the flavor singlet axial coupling constant of nucleon. The relation of the present consideration to the approach to the proton spin problem based on investigation of QCD topological susceptibility [47, 48, 49] will be the subject of forthcoming publication [50]. It would be also interesting to study the connection of X(1835) mechanism with the gluon contribution to the proton spin obtained within a chiral bag model [51], and the relation of this mechanism to the different approaches based on instanton contribution to proton spin [52, 53, 54].

6 Acknowledgments

We are very grateful to A.E. Dorokhov, S.B. Gerasimov, L.Ya. Glozman, D.G. Pak, San Fu Tuan and Shi-Lin Zhu for useful discussions. This work was supported by Brain Pool program of Korea Research Foundation through KOFST, grant 042T-1-1, and in part by grants of Russian Foundation for Basic Research, RFBR-03-02-17291 and RFBR-04-02- 16445 (NK). NK is very grateful to the School of Physics, SNU, for their warm hospitality during this work.

References

[1] L. Y. Glozman, Phys. Lett. B539 (2002) 257; Nucl. Phys. A755 (2005) 17; Eur.

Phys. J. A19 (2004) 153; hep-ph/0411281; T. D. Cohen and L. Y. Glozman, Int. J. Mod. Phys. A17 (2002) 1327.

[2] M. Shifman, hep-ph/0507246.

[3] T. Schäfer and E.V. Shuryak, Rev. Mod. Phys. 70 (1998) 1323.

[4] D. Diakonov, Prog. Par. Nucl. Phys. 51 (2003) 173.

[5] G. ’t Hooft, Phys. Rev. D14 (1976) 3432. [Erratum-ibid. D18, (1978) 2199].

[6] M.A. Shifman, A.I. Vainshtein and V.I. Zakharov, Nucl.Phys. B147 (1979) 385, 448.

[7] J.Z. Bai et al., BES Collaboration, Phys. Rev. Lett. 91 (2003) 022001.

[8] M. Ablikim et al, BES Collaboration, hep-ex/0508025.

[9] R.D. Carlitz, D. B. Creamer, Phys. Lett. B84 (1979) 215.

[10] E.V. Shuryak, Nucl. Phys. B203 (1982) 93; 116; 140; A. E. Dorokhov and N. I. Kochelev, Z. Phys. C46 (1990) 281; A.E. Dorokhov, S.V. Esaibegian, N.I. Kochelev and N.G. Stefanis, J. Phys. G23 (1997) 643; A.E. Dorokhov, N.I. Kochelev and S.V. Esaibegian, Phys. Atom. Nucl. 59 (1996) 2006; H. Forkel and M. K. Banerjee, Phys. Rev. Lett. 71 (1993) 484; H. J. Lee, N. I. Kochelev and V. Vento, hep-ph/0506250.

[11] C. Amsler, N.A. Tornqvist, Phys. Rep. 389 (2004) 61. [12] D.V. Bugg, Phys. Rep. 397 (2004) 257.

[13] V. V. Anisovich, M. A. Matveev, J. Nyiri and A. V. Sarantsev, hep-ph/0506133. [14] V. Vento, hep-ph/0401218.

[15] C. Morningstar and M. Peardon, Phys. Rev. D56 (1997) 4043; A. Hart and M. Teper, Phys. Rev. D65 (2002) 34502; W. Lee and D. Weigarten, Phys. Rev. D61 (2000) 014015; C. Michael, hep-lat/0302001.

[16] S. Narison, Nucl. Phys. B509 (1998) 312. [17] H. Forkel, Phys. Rev. D71 (2005) 054008.

[18] P. Minkowski and W. Ochs, Eur. Phys. J. C9, 283 (1999) 283. [19] L. Faddeev, A.J. Niemi, U. Wiedner, Phys. Rev. D70 (2004) 114033. [20] E. Klempt, hep-ph/0409148.

[21] F.E. Close, G.R. Farrar, Z. Li, Phys. Rev. D55 (1997) 5749. [22] S.-L. Zhu and C.-S. Gao, hep-ph/0507050.

[23] M. Ablikim et al. BES Collaboration, Phys. Lett. B607(2005) 243. [24] V.A. Novikov, M.A. Shifman, A. I Vainstein, and V.I. Zakharov, Nucl. Phys. B165 (1980) 67; Phys. Lett. 86B (1979) 347.

[25] A. Ringwald and F. Schrempp, Phys. Lett. B459 (1999) 249. [26] M.A. Shifman, Phys. Rep. 209 (1991) 341.

[27] S. Eidelman et al., Phys. Lett. B592 (2004) 1 and 2005 partial update for edition 2006.

[28] M. Chanowitz, hep-ph/0506125.

[29] J. Rosner, Phys. Rev. D68 (2003) 014004, hep-ph/0508155. [30] R.L. Jaffe, Int. J. Mod. Phys. A18 (2003) 1141.

[31] M.Anselmino, A.Efremov, and E.Leader, Phys. Rep. 261 (1995) 1.

[32] A.E.Dorokhov, N.I.Kochelev, and Yu.A. Zubov, Int. J. Mod. Phys. 8A (1993) 603. [33] G. Veneziano, Mod. Phys. Lett. A4 (1989) 1605. [34] J. H. Kuhn and V. I. Zakharov, Phys. Lett. B252 (1990) 615. [35] E. Leader, A.V. Sidorov and D.B. Stamenov, JHEP, 0506 (2005) 033. [36] S. Forte, hep-ph/0501020.

[37] A.I. Vainshtein, V.I. Zakharov, V.A. Novikov, M.A. Shifman, Sov. Phys. Usp. 24 (1982) 195 [Usp. Fiz. Nauk 136 (1982) 553]; Revised and updated version published in ITEP Lectures on Particle Physics and Field theory, Singapore, World Scientific, 1999. Volume 1. pp. 201-299.

[38] D. Diakonov and M. I. Eides, Sov. Phys. JETP 54 (1981) 232; [Zh. Eksp. Teor. Fiz.

81 (1981) 434].

[39] O. Dumbrais et al, Nucl. Phys. B216 (1983) 277. [40] K. Nakayama and H. Haberzettl, Phys. Rev. C69 (2004) 065212. [41] N. I. Kochelev and V. Vento, Phys. Rev. Lett. 87 (2001) 111601 [42] V. Zetocha and T. Schafer, Phys. Rev. D 67 (2003) 114003.

[43] S. Narison, G. M. Shore and G. Veneziano, Nucl. Phys. 391 (1993) 69; see also the recent discussion in paper G. M. Shore, Nucl. Phys. B712 (2005) 411.

[44] S. D. Bass, S. J. Brodsky and I. Schmidt, Phys. Lett. B437 (1998) 417. [45] S. Gerasimov and J. Moulin, Nucl. Phys. B98 (1975) 349. [46] The L3 Collaboration, Phys. Lett. B615 (2005) 19.

[47] S. Narison, G. M. Shore and G. Veneziano, Nucl. Phys. B546 (1999) 235. [48] B. L. Ioffe and A. G. Oganesian, Acta Phys. Polon. B29 (1998) 2449. [49] A. E. Dorokhov and W. Broniowski, Eur. Phys. J. C32 (2003) 79; A. E. Dorokhov, Phys. Part. Nucl. Lett. 1 (2004) 240.

[50] N.I. Kochelev, D.-P. Min, to be published.

[51] H. J. Lee, D. P. Min, B. Y. Park, M. Rho and V. Vento, Phys. Lett. B491 257 (2000) 257; Nucl. Phys. A657 (1999) 75.

[52] N. I. Kochelev, Phys. Rev. D 57(1998) 5539. [53] T. Schafer and V. Zetocha, Phys. Rev. D69 (2004) 094028. [54] S. Forte and E. V. Shuryak, Nucl. Phys. B357 (1991) 153.