arXiv:hep-ph/0510270 v1 20 Oct 2005

Diffraction at Tevatron and LHC in the Miettinen-Pumplin model^∗

S. Sapeta

M. Smoluchowski Institute of Physics, Jagellonian University Reymonta 4, 30-059 Kraków, Poland

Abstract The process of soft diffractive dissociation in hadronic collisions is discussed in the framework of the Miettinen-Pumplin model. A good description of the data in the ISR-Tevatron energy range is found. Predictions for the total, elastic and single diffractive cross sections for the LHC are also presented. The total cross section is expected to be 15% smaller than that given by Donnachie and Landshoff in the model with soft pomeron. The diffractive cross section remains constant in the Tevatron-LHC energy range.

PACS: 13.60.Hb, 13.85.-t, 13.85.Lg, 13.85.Hd

1 Introduction

We are interested in a diffractive process pp → pX, in which one of the colliding protons remains intact. The other dissociates into a system of particles well separated in rapidity from the intact proton. The diffraction is called soft if there is no hard scale involved, i.e. all transverse momenta of the final state particles are much smaller than the proton mass. The self-consistent description of this kind of processes is an important problem. The Regge theory is traditionally used to determine the cross sections. However, in the case of soft diffraction, the Regge approach based on the triple pomeron picture, fails to describe the diffractive cross section for center of mass energies higher than about 20 GeV [1, 2]. This signals violation of unitarity in the pomeron approach which occurs for much lower energies than in the case of fully inclusive cross section. The way out of this problem was proposed some time ago by Goulianos who introduced, somewhat ad hoc, the renormalization of the pomeron flux [3].

However, diffractive dissociation may be also analyzed in the framework different than the Regge model. In this paper we present another approach proposed by Good and Walker [4] which is based, from the very beginning, on the requirement of unitarity of the scattering matrix. The results presented here are obtained using the Miettinen-Pumplin [5] realization of the Good-Walker picture.

2 The Miettinen-Pumplin model

In the Good-Walker picture of soft diffraction the state of the incident hadron which subsequently dissociates is expanded into a superposition of eigenstates of the scattering operator ImT | B⟩ = ∑ k C_k | ψ_k⟩, (1) ∗Presented at the XLV Cracow School of Theoretical Physics, Zakopane, Poland, June 3-12, 2005

ImT | ψ_k⟩ = t_k | ψ_k⟩ , (2) where from unitarity: 0 ≤ t_k ≤ 1. In general case different eigenstates are absorbed by the target with different intensity, hence the outgoing state is no longer | B⟩ and, by this mechanism, the inelastic production of particles takes place. The inelastic diffractive cross section is proportional to the dispersion of the absorption coefficients t_k.

The Miettinen-Pumplin model is based on this simple picture of Good and Walker introducing new important element. The basic assumption is that the eigenstates of diffraction are wee parton states | ψ_k⟩ ≡| ⃗b_1, ...,⃗b_N, y_1, ..., y_N⟩, (3) where N is the number of partons, and (y_i,⃗b_i) are rapidity and impact parameter (relative to the center of the projectile) of parton i, respectively. Therefore, Eq. (1) takes the form | B⟩ = ∞∑ N=0 ∫_N∏ i=1 d^2⃗b_i dy_i C_N (⃗b_1, ...,⃗b_N, y_1, ..., y_N ) | ⃗b_1, ...,⃗b_N, y_1, ..., y_N⟩. (4)

The probability | C_N |^2 associated with N partons, which are assumed to be independent, is given by Poisson distribution with mean number G^2 | C_N ( ⃗b_1, ..., ⃗b_N, y_1, ..., y_N ) |^2= e^{−G2} G^{2N} N ! N∏ i=1 | C(⃗b_i, y_i) |^2, (5)

where | C(⃗b_i, y_i) |^2 is the single wee parton distribution probability. Similarly the interaction probability t_k of the state with N partons can be expressed in terms of the single wee parton interaction probability τ (⃗b_i, y_i) t_N ( ⃗b_1, ..., ⃗b_N, y_1, ..., y_N) = 1 − N∏ i=1 (1 − τ (⃗b_i, y_i)). (6)

To describe distribution and interactions of single wee partons Miettinen and Pumplin took

| C(b_i, y_i) |^2= 1 2πβλ exp ( − | y_i | λ − b^2_i β ) , (7)

τ (b_i, y_i) = A exp ( − | y_i | α − b^2_i γ ) . (8)

With some further assumptions the number of parameters of the model may be reduced so that it depends only on β[fm^2] and G^2. Namely, A = 1, its maximal possible value while α/λ = 2.0 and γ/β = 2.0 (see [5]). Moreover, it turns out that α and λ enter only as their ratio. Finally, we arrive at the following formulae for the differential total, elastic and single diffractive cross sections

dσ_{tot} d^2b = 2 ( 1 − exp ( −G^2 4 9 e^{−b2/(3β)} )) , (9)

dσ_{el} d^2b = ( 1 − exp ( −G^2 4 9 e^{−b2/(3β)} ))_2 , (10)

dσ_{diff} d^2b

= exp ( −2 G^2 4 9 e^{−b2 /(3β)} ) ( exp ( G^2 1 4 e^{−b2/(2β)} ) − 1 ) . (11)

Figure 1: Diffractive cross section for high energies. The open points represent available experimental data for diffractive dissociation. The black points are the predictions of the Miettinen-Pumplin model. The dashed line refers to the Goulianos model.

The two remaining parameters, β and G^2, can be determined for a given center of mass energy √ s from experimental data for σ_{tot} and σ_{el} using Eqs. (9) and (10). The diffractive cross section can be then predicted from Eq. (11).

Miettinen and Pumplin performed calculations for two colliding protons at the ISR center of mass energy √ s = 53 GeV. They obtained the value for σ_{diff} which was in good agreement with the data.

We present this result in Fig. 1 and refer to it as M&P.

3 Diffraction at Tevatron

We have applied the model described in the previous section for the center of mass energies 546 GeV and 1800 GeV [6]. The results together with experimental data and the Goulianos model predictions are shown in Fig. 1. We used CDF [7] data for the total and elastic cross sections as an input at the energy 546 GeV. The two predictions of the Miettinen-Pumplin model for √ s = 1800 GeV are a consequence of two different results for σ_{tot} and σ_{el} measured by CDF [7] and E811 [8].

We see that the Miettinen-Pumplin model remains valid in the ISR-Tevatron energy range, i.e. for three orders of magnitude in the center of mass energy √ s. It gives values of diffractive cross section which are in reasonable agreement with the data.

It is also possible to determine within the model the elastic and diffractive slopes by applying Fourier transform to Eqs. (10) and (11). We have checked that both slopes are consistent with existing experimental data (see [6, 9]) which undoubtly makes the Miettinen-Pumplin model more trustworthy.

Figure 2: Total cross section from the Miettinen-Pumplin model together with the Donnachie- Landshoff prediction. Data points at the LHC energy are predictions from Table 1. Experimental data are from [8, 7, 12, 13].

4 Predictions for LHC

Encouraged by the success of the Miettinen-Pumplin model for the highest currently available energy of Tevatron, we have proposed a method of determining the total, elastic and diffractive cross sections at the LHC [9].

In order to obtain these predictions we have extrapolated the two parameters of the model β and G^2 to the LHC energy √ s = 14 TeV. For this purpose we plotted the obtained values of β and G^2 as a functions of energy and found that up to the Tevatron value of √ s the dependence of both parameters is, to good approximation, linear in ln √ s. Thus we extrapolated this dependence to the LHC energy by fitting straight lines to the existing data points. It is interesting to note that with the assumption of the linear dependence, the total cross section for high √ s behaves like

σ_{tot} ∝ ln(s) ln(ln s) , (12)

which is smaller than ln^2 s and therefore does not violate the Froissart-Martin bound [10].

When fitting the energy dependence, we faced the problem pointed out already in the previous section, i.e. discrepancy between E811 and CDF results for σ_{tot} and σ_{el} . Thus we decided to treat these two cases separately considering two scenarios. The results are presented in Table 1. The indicated errors come from uncertainties in the determination of parameters and were computed by using the total differential method. The dependence of the total and diffractive cross sections on the center of mass energy is shown in Figs. 2 and 3.

As we see the Miettinen-Pumplin model with assumed logarithmic dependence of its two parameters β and G^2 on center of mass energy predicts the total cross section for the LHC 15% smaller than that determined by Donnachie and Landshoff [11]. This difference can be attributed to unitarity which is an inherent feature of this model. The value of the diffracitve cross section at the LHC is only slightly higher than that found at Tevatron and is close to the prediction of the Goulianos model. Despite this simillary, the two models give qualitatively different behaviour of the diffractive cross

Scenarios σ_{tot} [mb] σ_{el} [mb] σ_{diff} [mb] with E811 data [8] 86 ± 4 21 ± 1 9.5 ± 0.4 with CDF data [7] 88 ± 4 22 ± 2 9.2 ± 0.5

Table 1: Predictions of the Miettinen-Pumplin model for the total, elastic and diffractive cross sections at the LHC energy 14 TeV, calculated in two scenarios.

Figure 3: Diffractive cross section from the Miettinen-Pumplin model together with the prediction of Goulianos . Data points at the LHC energy are predictions from Table 1. Experimental data are from [14, 15, 16, 17].

section. The model of Miettinen and Pumplin predicts σ_{diff} almost constant in the Tevatron-LHC energy range while in the Goulianos model the diffractive cross section grows with energy.

5 Summary

We have analyzed the soft diffractive dissociation in hadronic collisions at high energies in the framework of the Miettinen-Pumplin model.

We have found correct description of the single diffractive cross section at center of mass energies ranging from ISR to Tevatron. We have also presented predictions for the LHC, finding the total inclusive cross section 15% smaller then that determined by Donnachie and Landshoff. The diffractive cross section is predicted to be almost constant in the Tevatron-LHC energy range.

The original work described here was partly done in collaboration with Krzysztof Golec-Biernat. This research has been supported by the grants of Polish Ministry of Science and Information Society Technologies: No. 1 P03B 02828 and No. 2 P03B 04324.

References

[1] G. Ingelman and P. E. Schlein, Phys. Lett. B 152 (1985) 256. [2] A. B. Kaidalov, Phys. Rept. 50 (1979) 157. [3] K. Goulianos, Phys. Lett. B 358 (1995) 379.

[4] M. L. Good and W. D. Walker, Phys. Rev. 120 (1960) 1857. [5] H. I. Miettinen and J. Pumplin, Phys. Rev. D 18 (1978) 1696. [6] S. Sapeta, Phys. Lett. B 597 (2004) 352.

[7] F. Abe et al. [CDF Collaboration], Phys. Rev. D 50 (1994) 5550. [8] C. Avila et al. [E811 Collaboration], Phys. Lett. B 445 (1999) 419. [9] S. Sapeta and K. Golec-Biernat, Phys. Lett. B 613 (2005) 154 [10] M. Froissart, Phys. Rev. 123 (1961) 1053; A. Martin, Phys. Rev. 129 (1963) 1432. [11] A. Donnachie and P. V. Landshoff, Phys. Lett. B 296 (1992) 227; hep-ph/0305246. [12] N. Amos et al., Nucl. Phys. B 262 (1985) 689.

[13] M. Bozzo et al. [UA4 Collaboration], Phys. Lett. B 147 (1984) 392. [14] N. Amos et al. [E710 Collaboration], Phys. Lett. B 301 (1993) 313. [15] J. C. M. Armitage et al., Nucl. Phys. B 194 (1982) 365. [16] D. Bernard et al. [UA4 Collaboration], Phys. Lett. B 186 (1987) 227. [17] F. Abe et al. [CDF Collaboration], Phys. Rev. D 50 (1994) 5535.