Study of the Pomeron Couplings in Diffractive Reactions at HERA

S.V.Goloskokov

BLTP, JINR, Dubna, Russia

The study of diffractive reactions has attracted considerable interest due to the observation of high p_t jets in diffractive collisions [1]. The diffractive high p_t jet production can be used as a test of the Pomeron structure. The question about the spin structure of the Pomeron arises for the reactions with polarized particles.

The Pomeron is a vacuum t-channel exchange that contributes to high-energy diffractive reactions. The Pomeron contribution to the quark-proton amplitude can be written in the form T (s, t)^{A,B} = IP (s, t)V^μ_{AIP} ⊗ V^{BIP}_μ , where IP is a ”bare” Pomeron contribution, V_{AIP} and V^{BIP} are the Pomeron vertices for particles A and B, respectively.

It has been shown that in models (see e.g. [2]) the Pomeron–proton vertex is of the form V^μ_{ppIP} (p, r) = mp^μA(r) + γ^μB(r), (1) where m is the proton mass.

The quark-Pomeron vertex has been calculated perturbatively [3]:

V^μ_{qqIP} (r) = γ_μu_0 + 2m_qk_μu_1 + 2k_μ/ku_2 + iu_3ϵ^{μαβρ}k_αr_βγ_ργ_5 + im_qu_4σ^{μα}r_α. (2) Here k is the quark momentum, r is the momentum transfer, m_q is the quark mass.

Note that in the cases (1,2) the spin-flip effects do not vanish as s → ∞ in contrast to the standard Pomeron couplings in the models [4] V^μ_{hhIP} = β_{hhIP} γ^μ. (3) The new form of the Pomeron couplings (2) should modify various spin asymmetries in high–energy diffractive reactions. The magnitude of the spin effects is connected with the ratio m^2|A|/|B| for (1) or m^2|u_3|/|u_0| for (2) found to be of the order 0.2−0.3 for |t| about few GeV^2. Thus, the spin effects may be not small. We shall discuss the effects which can be used in the future polarized diffractive experiments at HERA to study the spin structure of the Pomeron.

The transverse single spin asymmetry in polarized diffractive QQ̄ production in protonproton scattering has been calculated in [5]. It was shown that the asymmetry is different for the standard and spin-dependent Pomeron vertex at the HERA- ⃗N energy √ s = 40GeV [6]. In the first case it is about 5% and approximately constant; in the second case the asymmetry is larger than 7% and depends on the transverse momenta of the produced jet.

It was shown that the asymmetry obtained from the cross sections of diffractive QQ̄ production integrated over transverse momenta of the produced jet depends mainly on the Pomeronproton coupling structure. It can be used for studying the spin structure of the proton-Pomeron coupling. The single-spin transverse A_N asymmetry in elastic pp scattering can be studied at HERA- ⃗N as a test of the spin dependence of the proton-Pomeron coupling too. The predicted asymmetry is about 10% for p^2_T = 4 − 5(GeV )^2 [7]. Thus, the single-spin asymmetries can be very useful in the determination of the structure of Pomeron couplings.

The effects in diffractive deep inelastic scattering connected with the spin–dependent quark– Pomeron coupling have been studied. It was shown that the double longitudinal spin asymmetry in diffractive QQ̄ production for the standard quark–Pomeron vertex is very simple in form [8] A_{ll} = yx_p(2 − y) 2 − 2y + y^2

. (4)

This asymmetry is about 8% for y = 0.7 and x_p = 0.1. For the spin–dependent Pomeron coupling the asymmetry is dependent on k^2? of jets and smaller than for the standard Pomeron vertex, by about 5%.

The spin effects in diffractive reactions for the quark-Pomeron coupling in the form (1) have been studied in [9]. Strong sensitivity of asymmetries was found in diffractive meson production to the form of the Pomeron vertex at HERA energies.

We can conclude that the discussed single and double spin asymmetries depend strongly on the spin structure of the Pomeron coupling. However, to obtain the information about the Pomeron–coupling structure, the relevant asymmetries should be measured with an accuracy less than 1%. The values of cross sections in diffractive QQ̄ production are larger than 1000pb, which permits one to perform these investigations at the integrated luminosity about 200(pb)�^1 . So, the diffractive polarization experiments at HERA allow one to study spin properties of quark-Pomeron and proton-Pomeron vertices. This gives an important test of the spin properties of QCD at large distances.

References

[1] ZEUS Collaboration, M.Derrick et al. Z.Phys. C68 (1995) 569; H1 Collaboration, T.Ahmed et al, Phys.Lett. B348 (1995)

[2] C.Bourrely, J.Soffer, T.T.Wu, Phys.Rev. D19 (1979) 3249; S.V.Goloskokov, S.P.Kuleshov, O.V.Selyugin, Z.Phys. C50 (1991) 455.

[3] S.V.Goloskokov, Phys.Lett. B315 (1993) 459.

[4] E.A.Kuraev, L.N.Lipatov, V.S.Fadin, Sov.Phys. JETP 44 (1976) 443; P.V.Landshoff, O.

Nachtmann, Z.Phys. C35 (1987) 405.

[5] S.V.Goloskokov, Phys. Rev. D53 (1996) 5995.

[6] W.-D.Nowak, in AIP conference proceedings 343 on High Energy Spin Physics, eds. K. J.

Heller and S. L. Smith, Woodbury, NY (1995), p.412. [7] S.V.Goloskokov, O.V. Selyugin, Phys. Atom. Nucl. 58 (1995) 1894. [8] S.V.Goloskokov, E-prints: hep-ph 9604261.

[9] J.Klenner, A.Schäfer, W.Greiner, Z. Phys A352 (1995)203