arXiv:hep-ph/0412085 v1 6 Dec 2004

Evidence for Quark Spin-flip in Pomeron Exchange

A Donnachie Department of Physics and Astronomy, University of Manchester Manchester M13 9PL, England

Abstract

Spin-parity analyses of the ωπ system in the reaction γp → (ωπ)p for photon laboratory energies from 20 to 70 GeV have shown that production of the J^P = 1^+ b1 (1235) meson dominates, with a J^P = 1^− background at the level of 20%. Using vector-meson dominance arguments, this background is shown to be consistent with the data on e^+ e^− → ωπ. The energy dependence of the data imply that the mechanism is a combination of Reggeon and Pomeron exchange. Assuming that the latter is relevant only for the J^P = 1^− component and extrapolating to W = 200 GeV, it is argued that this accounts for most of the preliminary ωπ signal observed by the H1 Collaboration in the same reaction. A residual peak can be ascribed to the b1 (1235), which requires a quark spin-flip from Pomeron exchange. Precisely the same mechanism occurs in the reaction πp → a1(1260)p.

Preliminary data from the H1 Collaboration [1] on the reaction γp → (ωπ^0)X at ⟨W ⟩ = 200 GeV and ⟨W ⟩ = 210 GeV was provisionally interpreted as diffractive b_1(1235) production. After subtraction of the non-resonant background predicted by Pythia, the cross section for γp → b_1(1235)X is

σ(γp → b_1(1235)X) = 790 ± 200(stat) ± 200(syst) nb (1)

At first sight it is unlikely that the b_1(1235) can be produced by Pomeron exchange, which this interpretation requires. The transition γ → b_1(1235) does not satisfy the Gribov-Morrison rule [2, 3] which relates the change in spin ΔJ to the change in parity between the incident particle and the outgoing resonance by P_{out} = (−1)^{ΔJ} P_{in}. Further it is well-known experimentally that pomeron exchange conserves helicity to a good approximation, so that helicity-flip amplitudes are small. This is in agreement with the phenomenological γ_μ coupling of the pomeron to quarks [4]. The qq̄ pair from a photon are in a spin-triplet state, as exemplified by vector-meson dominance, but the quarks in the b_1(1235) meson are in a spin-singlet state so quark helicity flip is required for the γ → b_1(1235) transition. There is also experimental evidence, at lower energy, that the reaction γp → (ωπ^0)p is not dominated by pomeron exchange.

The Omega Photon Collaboration [5] at CERN performed a spin-parity analysis of the ωπ^0 enhancement photoproduced in the energy range 20 to 70 GeV, with ⟨W ⟩ = 8.6 GeV. They concluded that the enhancement is consistent with predominant b_1(1235) production, with ∼ 20% J^P = 1^− background. This conclusion was confirmed by a SLAC experiment [6] at an energy of 20 GeV, W = 6.2 GeV, with a polarised beam. It should be noted that a spin-parity analysis of the H1 data cannot be performed because of limited acceptance. It was possible to measure the energy dependence of the reaction in the CERN experiment, with the result

σ(E_γ ) = σ(39)

( 39 E_γ )_α , 20 ≤ E_γ ≤ 70 GeV (2)

with σ(39) = 0.86 ± 0.27μb, α = 0.6 ± 0.2 (3)

Such an energy dependence is not consistent with dominance of pomeron exchange, which would require an increasing cross section, nor is it consistent with pure Regge exchange, which would require a somewhat faster decrease with increasing energy. A natural interpretation is that the observed energy dependence arises from a combination of pomeron and reggeon exchange. As a simple first approximation, consider the cross section to be given by non-interfering reggeon and pomeron exchanges, the former relating primarily to b_1(1235) production and the latter relating entirely to the production of the J^P = 1^− state. The energy dependence of the cross section (2) can be well reproduced by

σ(s) = As^{2ϵ} + Bs^{−2η} (4)

where ϵ and η have the standard values [7] 0.08 and 0.4525 respectively and

A = 0.107 μb, B = 29.15 μb (5)

At E_γ = 39 GeV the pomeron contribution to the cross section is 25%, in good agreement with what is observed for the J^P = 1^− component in the data. Extrapolating the pomeron part of (4) to HERA energies gives a cross section of 584 nb. As the HERA data include diffraction dissociation of the nucleon, the result extrapolated from the fit to the CERN data should be increased by a factor of about 1.25 giving 730 nb, compatible with the cross section observed. The reggeon part of the cross section is negligible at this energy.

What is the origin of this J^P = 1^− component? An estimate can be made using simple vector meson dominance arguments. For a vector final state V , the cross section for γp → V p is related to that for e^+e^− → V by [8] d^2σ_{γp→V p}(s, m^2) dt dm^2 = σ_{e+e−→V} (m^2) 4π^2α dσ_{V p→V p}(s, m^2) dt (6) Using the optical theorem to relate the amplitude at t = 0 to the total cross section for V p scattering and integrating over t gives dσ_{γp→V p}(s, m^2) dm = mσ_{e+e−→V} (m^2) 32π^3αb

(σ^{T ot}_{V p→V p}(s))^2 (7)

where b ≈ 5 GeV^{−2} is the slope of the near-forward differential cross section.

(a) σ (nb)

m (GeV)

(b) dσ dm (μb/GeV)

m (GeV) Figure 1: (a) The cross section for e^+e^− → ωπ. The data are from Novosibirsk [10] (horizontal bars), CLEO [11] (crosses) and the DM2 Collaboration [12] (stars) (b) The J^P = 1^− component of the ωπ mass distribution in the reaction γp → ωπp at √ s = 8.5 GeV. The data are from the Omega Photon Collaboration [5] (crosses) and from the application of vector meson dominance to the data in (a) (horizontal bars).

The cross section for γp → π^+π^−π^+π^−p over the same energy and four-pion mass ranges as the ωπ photoproduction data has been compared with the data on e^+e^− → π^+π^−π^+π^− by the Omega Photon Collaboration [9]. This gave the result σ^{T ot}_{V p→V p} = 16.7 ± 3.4 mb. (8) Three models were considered in the spin-parity analysis [5] of the γp → π^+π^−π^+π^−p data: ωπ states with J^P = 1^+, 1^−, 0^−, J^P = 1^+, 1^− and J^P = 1^+, 1^− with the 1^− constrained to be s-channel helicity conserving. It is the third one that we use here. The data [10, 11, 12] for e^+e^− → ωπ are shown in Fig.1a and the comparison with dσ/dm in Fig.1b. The errors arising from (8) have not been included. The normalisation in this comparison is absolute and shows that the model produces the same J^P = 1^− cross section as the reggeon plus pomeron fit, within the admittedly large errors.

A similar comparison can be made with the HERA data and this is shown in Fig.2 after converting the preliminary H1 data from events/bin to dσ/dm assuming 790 nb as the integrated cross section. At the upper end of the mass range the agreement is reasonably good, perhaps surprisingly so given the overall errors in the procedures we are using. However the overall shapes are not the same, with an apparent excess of H1 data at the lower mass end. This could be explained if there were some diffractive production of the b_1(1235). As we said initially, diffractive production of the b_1(1235) implies a spin-flip pomeron-exchange contribution. Is this reasonable? An analogous reaction is π^−p → a_1(1260)p. Although this does satisfy the Gribov- Morrison rule, like the reaction γp → b_1(1235) it requires spin-flip at the quark level. The data [13] are shown in Fig.3 and the reaction is clearly not pomeron dominated.

dσ dm (μb/GeV)

m (GeV) Figure 2: The ωπ mass distribution in the reaction γp → ωπp at √ s = 200 GeV. The data (preliminary) are from the H1 Collaboration [1] (crosses) and from the application of vector meson dominance to the data in Fig.1a (horizontal bars).

Fitting with a single effective power, dσ dm = As^α (9)

gives α = 0.52. This is very close to the value found for γp → b_1(1235)p and it is natural to make the same interpretation, namely that the reaction mechanism is a combination of reggeon and pomeron exchange. However in this case, as we have only one final state, we must allow for interference. The curve in Fig.3 is given by

σ = As^{2ϵ} + Bs^{ϵ−η} + Cs^{−2η} (10)

with A = 7.87 μb, B = 98.6 μb, C = 1231 μb. The values of ϵ and η are the same as before.

We can estimate the relative strength of the effective spin-flip coupling of the pomeron to the non-spin-flip coupling by comparing the fit (10) with a corresponding fit to the elastic πp cross section. The result of such a fit for p_{Lab} ≥ 4 GeV gives A_{el} = 1.025 mb. Thus the contribution of pomeron exchange to the πp elastic cross section (non-spin-flip) is a factor of 130 more than the contribution of the pomeron exchange to the cross section for πp → a1(1260)p (spin flip). Note that the mechanism we are suggesting here is not the one responsible for the small violation of s-channel helicity conservation in γp → ρp [14, 15]. This small effect can be explained [16, 17] by a mechanism which conserves helicity at the quark level. The difference in cross section beween the H1 data and the estimated J^P = 1^− contribution shown in Fig.2 is of the order of 0.1 - 0.2 μb with a large error due to the errors on both the photoproduction and e^+e^− annihilation data and the simplicity of the model used to estimate the J^P = 1^− contribution. The cross section for ρ photoproduction at W = 70 GeV is given as 14.7 ± 0.4 ± 2.4 μb by ZEUS [18] and as

σ (μb)

pLab (GeV) Figure 3: The cross section for π^−p → a_1(1260)p. The data are from the ACCMOR Collaboration [13] and the curve is the fit using the parametrisation (10)

13.6 ± 0.8 ± 2.4 by H1 [19]. Extrapolating these to W = 200 GeV gives 20.5 ± 3.4 μb and 19 ± 3.5 μb respectively, where the statistical and systematic errors have been combined in quadrature. So the ratio of spin-flip to non-spin-flip pomeron exchange in b_1(1235) photoproduction is of the same order of magnitude as in the case of the a_1(1260).

There are a few reactions in which this hypothesis can be checked. The ideal would be a new measurement of the energy dependence and full spin-parity analysis of ωπ photoproduction. The photoproduction of the isoscalar counterpart of γp → b_1(1235)p, namely γp → h_1(1170), h_1 → ρπ, would be expected to occur at about 10% of the b_1(1235) photoproduction cross section, so would be of the order of 50 to 100 nb at HERA energies. The hypothesis also provides a mechanism for diffractive photoproduction of the unconfirmed hidden-strangeness h_1(1380) with a cross section at the level of 1% of the ϕ photoproduction cross section, which is 0.96 ± 0.19^{+0.21}_{−0.18} μb at ⟨W ⟩ = 70 GeV [20]. So we would expect about 10 nanobarns at this energy.

The suggestion that the pomeron may have a spin-flip coupling is not new and has been discussed extensively in the context of proton-proton scattering and diffractive hadron leptoproduction in a number of models. Probably the most relevant for the present context is a purely phenomenological approach [21] to proton-proton scattering which concluded that there is a spin-flip pomeron amplitude with the same trajectory as the standard spin-non-flip pomeron. However this does require the inclusion of an arbitrary phase difference between the non-spin-flip and spin-flip components of the pomeron so it is not a strict Regge-pole parametrisation. Spinflip in diffractive reactions has also been discussed at the parton level, for example in proton-proton scattering at large |t| [22] and in vector-meson and QQ̄ production in deep inelastic scattering [23, 24]. Although these are more applicable in the framework of perturbative QCD, they reach the same general conclusions.

References

[1] T Golling and K Meier (H1 Collaboration), H1-preliminary-01-117 T Berndt (H1 Collaboration), in Proceedings International Conference on High Energy Physics, Amsterdam, 2002 T Berndt (H1 Collaboration), Acta Phys.Pol. B33 (2002) 3499 [2] V N Gribov, Soviet Journal of Nuclear Physics 5 (1967) 138 [3] D R O Morrison, Phys.Rev. 165 (1968) 1699 [4] P V Landshoff and J C Polkinghorne, Nucl.Phys. B28 (1971) 225 [5] M Atkinson et al (Omega Photon Collaboration), Nucl.Phys. B243 (1984) 1 [6] J E Brau et al, Phys.Rev. D37 (1988) 2379 [7] A Donnachie and P V Landshoff, Phys.Lett. B296 (1992) 227 [8] J J Sakurai and D Schildknecht, Phys.Lett. 40B (1972) 121 [9] D Aston et al (Omega Photon Collaboration), Nucl.Phys. B189 (1981) 15 [10] M N Achasov et al (SND Collaboration), Phys.Lett. B486 (2000) 29 [11] K W Edwards et al (CLEO Collaboration), Phys.Rev. D61 (2000) 072003 [12] D Bisello et al (DM2 Collaboration), Nucl.Phys.(Proc.Supp.) 21 (1991) 111 [13] C Daum et al (ACCMOR Collaboration), Phys.Lett. 89B (1980) 281 [14] J Breitweg et al (ZEUS Collaboration), Eur.Phys.J. C12 (2000) 393 [15] C Adloff et al (H1 Collaboration), Eur.Phys.J. C13 (2000) 371 [16] D Y Ivanov and R Kirschner, Phys.Rev. D58 (1998) 114026 [17] E V Kuraev, N N Nikolaev and B G Zakharov, JETP Letters 68 (1998) 696 [18] M Derrick et al (ZEUS Collaboration), Z.Phys. C69 (1995) 39 [19] S Aid et al (H1 Collaboration), Nucl.Phys. B463 (1996) 3 [20] M Derrick et al (ZEUS Collaboration), Phys.Lett. B377 (1996) 259 [21] A F Martini and E Predazzi, Phys.Rev. D66 (2002) 034029 [22] S V Goloskokov, hep-ph/0210006 and references therein [23] S V Goloskokov, in Czech.J.Phys 53 (2003) Suppl A and hep-ph/0311340 [24] S V Goloskokov, P Kroll and B Postler, hep-ph/0308140 and references therein