arXiv:hep-ph/0209242 v1 20 Sep 2002

Pomeron-Odderon interference effects in electroproduction of π^+ π^{−∗ †}

Ph. Hägler^a, B. Pire^{b‡}, L. Szymanowski^c and O.V. Teryaev^d

aCTP, MIT, Cambridge, MA 02139, USA and Universität Regensburg, D-93040 Regensburg, Germany

bCPhT, École Polytechnique, F-91128 Palaiseau, France

cCPhT, École Polytechnique, France and Soltan Institute for Nuclear Studies, Warsaw, Poland

dBogoliubov Lab. of Theoretical Physics, JINR, 141980 Dubna, Russia

We review the results of our studies on the charge and the spin asymmetries in the electroproduction of π^+ π^− which are the observables sensitive to the Pomeron-Odderon interference.

1. Introduction

The description of the Odderon [1] within QCD [2] was in recent years the subject of several studies [3–6]. Being a partner of the Pomeron [7] which carries the quantum numbers of the vacuum and which is well known from the study of diffractive processes, the odderon still remains a mistery. Although it differs from the Pomeron only by its charge conjugation property and from the point of view of general principles one could expect that its exchange leads to effects of a comparable magnitude to those with the Pomeron exchange, the Odderon still escapes experimental verification. The QCD predictions lead to a rather small cross section for the diffractive η_c−production [8–10]. Recent experimental studies of exclusive π^0−production at HERA [11] show also a very small cross section for this process, which stays in contradiction with theoretical predictions based on the stochastic vacuum model [12,13], see also [14].

Because of these difficulties a new approach to Odderon search is required. In Ref. [15] it was proposed to search for Odderon effects by studying the charge asymmetries in open charm pro-

∗Talk given by L.Sz. at the 9th International High-Energy Physics Conference QCD ’02, Montpellier, France, 2-9th July 2002.

†Work supported in part by the TMR and IHRP Programmes of the European Union, Contracts No. FMRX- CT98-0194 and No. HPRN-CT-2000-00130. ‡Unité mixte C7644 du CNRS.

duction, which are linear in the Odderon scattering amplitude. These ideas were further developed in [16] where it was proposed to study odderon effects in the soft photoproduction of two pions.

In two recent papers [17,18] we proposed to study the diffractive electroproduction of a π^+ π^− pair to search for the QCD-Odderon at the amplitude level. The main difference of our studies of the electroproduction process with respect to Refs. [15,16] is to work in a perturbative framework which we believe enables us to derive more founded predictions in an accessible kinematical domain.

2. The theoretical framework

We study the electroproduction of π^+ π^− pair which proceeds through a virtual photon-proton reaction

γ^∗(q, ϵ) N (p_N ) → π^+(p_+) π^−(p_−) N^′(p_N ′ ) . (1) In the Born approximation the Pomeron exchange is described by two gluon exchange in a colour singlet state (see Fig. 1) and the scattering amplitude in the impact representation has the form of a convolution in the 2-dimensional transverse momentum space

M_{L/T} (P ) = −i s ∫ d^2⃗k_1 d^2⃗k_2 δ^{(2)}(⃗k_1 + ⃗k_2 − ⃗p_{2π}) (2π)^2 ⃗k^2_1 ⃗k^2

Figure 1. Feynman diagrams describing π^+ π^− electroproduction in the Born approximation

J^{γ∗ →π+ π−} P (⃗k_1, ⃗k_2) · J^{N→N ′}_P (⃗k_1, ⃗k_2) , (2) where J^{γ∗ →π+ π−} P (⃗k_1, ⃗k_2) and J^{N→N ′}_P (⃗k_1, ⃗k_2) are the impact factors for the transition γ^∗_{L/T} → π^+ π^− via Pomeron exchange and of the nucleon in the initial state N into the nucleon in the final state N^′.

The corresponding representation for the Odderon exchange, i.e. the exchange of three gluons in a colour singlet state, is given by the formula (see Fig. 1) M_{L/T} (O) = − 8 π^2 s 3! ∫ d^2⃗k_1 d^2⃗k_2d^2⃗k_3 δ^{(2)}(⃗k_1 + ⃗k_2 + ⃗k_3 − ⃗p_{2π}) (2π)^6 ⃗k^2_1 ⃗k^2 ⃗k^2_3

J^{γ∗ →π+ π−} O · J^{N→N ′}_O . (3) J^{γ∗ →π+ π−} O (⃗k_1, ⃗k_2, ⃗k_3) and J^{N→N ′}_O (⃗k_1, ⃗k_2, ⃗k_2) are the corresponding impact factors for the same transitions via Odderon exchange.

The impact factors in Eqs. (2) and (3) involve hard parts calculated perturbatively by standard methods and nonperturbative light-cone generalized distribution amplitudes (GDA) [19] describing the transition of a qq̄ pair into the π^+π^− final state.

The choice of appropriate two pion GDAs is a point of crucial importance. We parametrize them according to results of recent studies [20,21]. The GPD related to the Odderon exchange involves (see [18] for details) the s− and d− partial waves contributions corresponding to f_0 and f_2 meson poles in the ππ elastic scattering. The GPD coupled with Pomeron exchange involves a p− partial wave described by the phase shift and Breit-Wigner formula for the ρ−meson.

The second important point of our approach is the choice of the impact factor describing the Pomeron and the Odderon coupling to the target nucleon. Here we are forced to use phenomenological models derived to fit hadronic data [22,23].

3. The charge asymmetry

The charge asymmetry is defined as A(Q^2, t, m^2_π, y, α) =

= ∑ λ=+,− ∫ cos θ dσ(s, Q^2, t, m^2_π, y, θ, α, λ) ∑ λ=+,− ∫ dσ(s, Q^2, t, m^2_π, y, α, θ, λ)

= ∫ d cos θ cos θ N_{charge} ∫ d cos θ D (4) where the differential cross section dσ(s, Q^2, t, m^2_π, y, θ, λ) is a function of the cms scattering energy square s, the photon virtuality Q^2, the momentum transfer square t, the invariant mass of the pion pair m_{2π} , the longitudinal momentum fraction of the initial electron carried by the photon y, the polar decay angle (in the cms of the pion pair) θ, the azimuthal angle α between the leptonic plane and the plane of reaction (1) and of the helicity of the scattered electron λ. This asymmetry is a measure of the difference between the number of events in which the π^+ is produced in forward hemisphere (in the cms of the pion pair) and in the backward hemisphere.

Introducing the reduced scattering amplitude A_T (P/O) for transversely polarized photons: M_T (P/O) ≡ (⃗ϵ(T ) · ⃗p_{2π}) A_T (P/O) the numerator N_{charge} and denominator D of the asymmetry have the forms

N_{charge} = 8(1 − y)Re [M_L(P )M^∗_L(O)]

+4(2 − y) √ 1 − y|⃗p_{2π}| cos α Re [A_T (P )M^∗_L(O)

+A_T (O) M^∗_L(P )] + 2(1 + (1 − y)^2 + 2(1 − y) cos 2α)

|⃗p_{2π}|^2Re [A_T (P )A^∗_T (O)] (5) and

D = 4(1 − y) |M_L(P ) + M_L(O)|^2

+4(2 − y) √ 1 − y|⃗p_{2π}| cos α Re [(A_T (P ) + A_T (O))

(M^∗_L(P ) + M^∗_L(O))] + (1 + (1 − y)^2

+2(1 − y) cos 2α)|⃗p_{2π}|^2 |A_T (P ) + A_T (O)|^2 (6)

As one example of our results we present in Fig. 2 a plot of the charge asymmetry as a function of the two pion invariant mass m_{2π} and for the typical for HERA values of the other parameters. The error band corresponds to a variation of Λ_{QCD} and the soft coupling constant in the impact factor J^{N→N ′}_{P/O} . The characteristic m_{2π}−dependence of the asymmetry is completely understood in terms of the ππ phase shifts δ_0, δ_1, δ_2 and its dependence on them ∼ sin(δ_{0,2} − δ_1).

The important source of corrections to above prediction is due to the effects of K K̄ threshold in description of asymmetries for m_{2π} > 1 GeV.

Figure 2. Error bands resulting from a variation of ΛQCD and the soft coupling αsof t.

The example of their magnitude is presented in Fig. 3 which shows the effect of taking into account the inelasticity factor η [24] in the scattering amplitude. We see that the charge asymmetry still remains sizable and it has a characteristic pattern.

4. The spin asymmetry

The spin asymmetry related to the polarizations of incomming electron and it is defined as

A_S (Q^2, t, m^2_π, y) =

= ∑ λ=+,− λ ∫ cos θ dσ(s, Q^2, t, m^2_π, y, , θ, λ) ∑ λ=+,− ∫ dσ(s, Q^2, t, m^2_π, y, α, θ, λ)

= ∫ d cos θ cos θ N_{spin} ∫ d cos θ D (7) with the numerator given by N_{spin} = 4y √ 1 − y sin α |⃗p_{2π}| Im [M_L(P )A^∗_T (O)

+M_L(O)A^∗_T (P )] (8) while D is of course the same quantity as in the case of the charge asymmetry (6). In Fig. 3 we show the plot of spin asymmetry. Comparing it with Fig. 2 we conclude that the magnitude of spin asymmetry is quite small.

Figure 3. m2π −dependence of the charge asymmetry with the inelasticity factor η(m2π ) (solid curve) and with η(m2π ) = 1 (dotted curve) for Q^2 = 5GeV^2, t = −0.8GeV^2 , α = 0, y = 0.5

Discussion

P. Minkowski, Bern: Do you think that the asymmetries you study could be used for fixing a form of GDAs ?

L. Szymanowski: The motivation of our work was rather reverse: we tried to evaluate asymmetries assuming that we know GDAs. Of course if the data on asymmetries will be precise enough one could also think to do what you ask.

REFERENCES

1. L. Lukaszuk and B. Nicolescu, Lett. Nuovo Cim. 8 (1973) 405.

2. J. Bartels, Nucl. Phys. B 151 (1979) 293; ibid B 175 (1980) 365;

J. Kwiecinski and M. Praszalowicz, Phys. Lett. B 94 (1980) 413.

3. L.N. Lipatov, Phys. Lett. B 309 (1993) 394 ;

JETP Lett. 59 (1994) 596 ; Sov. Phys. JETP

Figure 4. m2π −dependence of the spin asymmetry at t = −0.8 GeV^2, Q^2 = 3 (solid line), 5 (dashed line), 10 (dotted line) GeV^2

Lett. 59 (1994) 571;

L.D. Fadeev and G.P. Korchemsky, Phys. Lett. B 342 (1995) 311.

4. R.A. Janik and J. Wosiek, Phys. Rev. Lett.

82 (1999) 1092.

5. J. Bartels, L.N. Lipatov and G.P. Vacca, Phys. Lett. B 477 (2000) 178.

6. G. P. Korchemsky, J. Kotanski and A. N. Manashov, hep-ph/0111185.

7. E.A. Kuraev, L.N. Lipatov and V.S. Fadin, Sov. JETP 44 (1976) 443 ; ibid 45 (1977) 199 ; Ya.Ya. Balitsky and L.N. Lipatov, Sov. J. Nucl. Phys. 28 (1978) 822 ; L.N. Lipatov, Sov. Phys. JETP 63 (1986) 904.

8. J. Czyzewski, J. Kwiecinski, L. Motyka and M. Sadzikowski, Phys. Lett. B 398 (1997) 400 ; erratum ibid B 411 (1997) 402.

9. R. Engel, D.Yu. Ivanov, R. Kirschner and L. Szymanowski, Eur. Phys. J. C 4 (1998) 93. 10. J. Bartels, M.A. Braun, D. Colferai and G.P. Vacca, Eur. Phys. J. C 20 (2001) 323.

11. J. Olsson (for the H1 Collab.), hepex/0112012.

12. E.R. Berger, A. Donnachie, H.G. Dosch, W. Kilian, O. Nachtmann and M. Reuter, Eur. Phys. J. C 9 (1999) 491.

13. H.G. Dosch, C. Ewerz and V. Schatz, hepph/0201294.

14. V. Schatz, hep-ph/0208175, these Proceedings.

15. S.J. Brodsky, J. Rathsman and C. Merino, Phys. Lett. B 461 (1999) 114.

16. I.P. Ivanov, N.N. Nikolaev and I.F. Ginzburg, hep-ph/0110181, hep-ph/0207345.

17. Ph. Hägler, B. Pire, L. Szymanowski and O. V. Teryaev, Phys. Lett. B 535 (2002) 117 [Erratum-ibid. B 540 (2002) 324]; hep-ph/0206270, in print Proceed. of Ferrara Conf. 2002.

18. Ph. Hägler, B. Pire, L. Szymanowski and O. V. Teryaev, hep-ph/0207224, Eur. Physics J., in print.

19. M. Diehl, T. Gousset, B. Pire and O.V.

Teryaev, Phys. Rev. Lett. 81 (1998) 1782. 20. M.V. Polyakov and C. Weiss, Phys. Rev. D 59 (1999) 091502.

M. V. Polyakov, Nucl. Phys. B 555 (1999) 231 21. M. Diehl, T. Gousset and B. Pire, Phys. Rev.

D 62 (2000) 073014.

22. J.F. Gunion and D.E. Soper, Phys. Rev. D 15 (1977) 2617 23. M. Fukugita and J. Kwiecinski, Phys. Lett. B 83 (1979) 119.

24. W. M. Kloet and B. Loiseau, Z. Phys. A 353 (1995) 227.