Monte Carlo simulation of color singlet exchange between jets

R. Engel^a and J. Ranft^b

aUniversity of Delaware, Bartol Research Institute, Newark, DE 19716, USA

bPhysics Dept. Universität Siegen, D–57068 Siegen, Germany

1. Introduction

Rapidity gaps between jets are an ideal configuration for searching for new-physics signatures [1]. They also provide a clean environment for testing the dynamics of perturbative QCD in Regge limit [2]. The large rapidity difference between the jets together with the transverse momentum of the two back-to-back pointing jets ensure that the center of mass energy of the hard process is much greater than its typical hard scale. In literature, alternative calculations have been proposed for such processes including the approximation of the n-gluon exchange by a BFKL pomeron [2,3] and soft color recombination (evaporation) [4,5]. Both models predict different dependences of the rapidity gap event fraction on the width of the rapidity gap and on the jet transverse momentum.

In this paper we shall calculate the experimentally observable cross section for color singlet exchange between jets using a detailed Monte Carlo simulation of both parton-parton interactions producing rapidity gaps and non-perturbative processes giving rise to the “underlying event”. We use the model Phojet [6,7] which treats perturbative QCD effects such as hard parton-parton scattering and parton showers as well as non-perturbative effects like soft hadronic interactions. This model is based on the Dual Parton Model [8] in its two-component version [9].

2. Implementation of color evaporation model

To describe events with color singlet exchange between jets within the Phojet Monte Carlo, we implement a soft color reconnection (SCR) model [4,5,10]. The simplest hard q–q event, where SCR leads to a rapidity gap between two jets is an event with just one single hard valence–quark – valence–quark scattering. In normal events in the Dual Parton Model we get two color strings each being stretched between one scattered quark and the diquark of the other hadron. Large rapidity gaps are exponentially suppressed in such events. However, SCR can cause a color transfer due to the exchange of soft gluons resulting in a color configuration where the strings connect the hard scattered quark and the diquark of the same hadron. These are events with might lead to hadronic final states with a large rapidity gap between two jets. In Phojet, we use the following probabilities of color singlet exchange F_{qq} : F_{qg} : F_{gg} = 1/9 : 1/24 : 1/64 [4].

In most of the hard scattering events we have a non-negligible contribution from the underlying event, mainly resulting from spectator interactions. Thus, even if a rapidity gap appears in one of the partonic collisions, the gap might be filled by hadrons produced in another parton-parton interaction. Furthermore, hard parton radiation (initial and final state radiation) can change the size of rapidity gaps considerably. Both effects are simulated in our Monte Carlo calculation which includes QCD parton showers and multiple soft and hard interactions as implemented in PHOJET. This means that the probability for the gap survival [1] is calculated in detail.

3. Comparison to data

Both the D0 and CDF collaborations have published data on dijet production with rapidity gaps [11–17]. In the following we will concentrate on the D0 data [14]. Further comparisons of our calculations with data can be found in [18–20].

D0 [14] uses at √ s = 1800 GeV two different triggers.

With the high E? trigger (we refer to this in short as D0–h) they find opposite side (η^{jet1} × η^{jet2} < 0) dijets with E^{jet}�^2? > 30 GeV and |η^{jet}| > 2. The pseudorapidity gap is at |η| < 1.3. With this the fraction of JgJ events is found to be R_{JgJ}�_{D0}�_h = (JgJ)/(JJ) = (0.94 ± 0.04(stat) ± 0.12(syst)). With the low E? trigger (we refer to this in short as D0–l) they find at √ s = 1800 GeV opposite side (η^{jet1}× η^{jet2} < 0) dijets with E^{jet}�^2? > 12 GeV and |η^{jet}| > 2. The pseudorapidity gap is at |η| < 1.3. With this the fraction of JgJ events is found to be R_{JgJ}�_{D0}�_l = (JgJ)/(JJ) = (0.54 ± 0.06(stat) ± 0.16(syst)). In Phojet we find with the D0 triggers R_{JgJ}�_{PHOJET}�_{D0}�_h = 1.06% , R_{JgJ}�_{PHOJET}�_{D0}�_l = 0.45% . Here the background JgJ events with only an accidental gap were subtracted. These Phojet results are fully consistent

Figure 1. The change of R_{JgJ} with the E^{jet2}? of he next to leading jet. Data from the D0 Collaboration are compared to the Phojet results obtained with SCR.

with the experimental data. The same is found comparing to the 630 GeV data and to the CDF data. The change of R_{JgJ} with the E^{jet2}? of the second leading jet was studied by the D0 Collaboration [14]. A modest rise of the color singlet fraction with E^{jet2}? was found. In Fig. 1 we compare the Phojet results on R_{JgJ} with these data. The Phojet predictions exhibit a E^{jet2}? dependence being compatible with the data. The D0 Collaboration [14] also studied for the D0–h and D0–l triggers the dependence of R_{JgJ} on Δη = |η^{jet1} − η^{jet2}|. For both triggers a slight rise of R_{JgJ} with Δη was found which is well described by the PHOJET simulations (not shown here). It is important to notice that our calculation does not only describe the rise of R_{JgJ} with E^{jet2}? and Δη , but also reproduces the absolute sizes of R_{JgJ} without free parameters.

We also compared the pseudorapidity distributions of charged hadrons of events passing the D0–h and D0–l triggers with and without gap. The remarkable feature of this comparison is, that the opposite side jet trigger without the gap requirement selects events with much higher rapidity distribution (particle multiplicity) than typically found in minimum bias events. We interpret this in the following way. With the jet trigger events are selected with an exceptional large number of soft and hard multiple interactions and parton emissions.

4. Rapidity gap survival probability

The rapidity gap survival probability ⟨|S|^2⟩ was originally defined by Bjorken [1]. In a series of recent papers, Gotsman, Levin and Maor [21–23] use a eikonal model to calculate the energy dependence of ⟨|S|^2⟩.

For example, they obtain in pp̄ collisions at 630 (1800) GeV values of 16.3% (5.6 %) [22]. The eikonal model used in Phojet is a two-channel model which differs certainly from the one used by Gotsman et al., but the gap survival probability as contained in the Phojet Monte Carlo events is calculated in a rather analogous way. We can use the JgJ events and JJ events obtained from Phojet for given trigger conditions to give the gap survival probability according to Phojet.

In the Phojet Monte Carlo we can subdivide the hard scattering events into g–g, g–q and q–q scatterings. We calculate (not shown here) for the D0–h and D0–l triggers the fractions or weights W^i_{JJ} for i = g–g, g–q and q–q events for JJ events (without gap trigger), W^i_{JgJ} for JgJ events obtained with SCR and W^i_{JgJbg} for background JgJ events (obtained without SCR). We find, that q–q scattering dominates the JgJ events, but g–q and g–g scattering contributes also.

Figure 2. The gap survival probabilities ⟨|S|^2⟩_i according to Phojet given separately for i = g–g, g–q and q–q events and for the D0–h and D0–l triggers.

Starting from the JJ and JgJ weights W^i_{JJ} and W^i_{JgJ} (i = g–g, g–q and q–q) and the SCR probabilities F_i we work out the gap survival probabilities according to Phojet. We obtain the gap survival probabilities as follows ⟨|S|^2⟩_i = W^i_{JgJ} W^i_{JJ} F_i . (1)

W^i_{JJ} F_i is the probability to have two jets corresponding to the given trigger without gaps and furthermore a gap between the two jets due to SCR. Most of the gaps are filled by soft or hard multiple interactions and or parton showering, therefore W^i_{JgJ} is considerably smaller than W^i_{JJ} F_i . In Fig. 2 we plot for the D0–h and D0–l triggers at √ s = 1800 GeV the ⟨|S|^2⟩_i obtained. We find values larger than but roughly consistent to the calculation by Gotsman et al. [22]. However, in contrast to the assumptions used in [1,22], we find a slight dependence of the gap survival probability on the trigger conditions resulting in a smaller ⟨|S|^2⟩_i for the D0–l trigger. Furthermore, we find ⟨|S|^2⟩_i to depend on the hard scattering process with ⟨|S|^2⟩_q�_q larger than ⟨|S|^2⟩_g�_g and ⟨|S|^2⟩_g�_q.

5. Concluding remarks

The processes implemented in Phojet allow us to study hard and soft diffraction in many channels. Here we have been able to demonstrate, that the Phojet model supplemented with the soft color recombination mechanism describes remarkably well the data from the TEVATRON on color singlet exchange between jets. Besides of finding a good agreement with the D0 and CDF data we are able in addition to study many features of the model, which would be useful to verify in the experiments.

We hope that the Phojet tool and more TEVA- TRON data in Run II on color singlet exchange and on hard and soft single diffraction and central diffraction could help to answer important questions: (i) Is soft color recombination the correct mechanism to describe color singlet exchange processes between jets? Could this mechanism be responsible for other features of diffractive processes as well? (ii) Can hard diffraction consistently be described by pomeron structure functions? What is the best pomeron structure function?

Acknowledgements

One of the authors (R.E.) is supported by U.S. Department of Energy grant DE-FG02 91ER 40626.

REFERENCES

1. J. D. Bjorken: Phys. Rev. D47 (1993) 101 2. A. H. Mueller and W. K. Tang: Phys. Lett. B284 (1992) 123 3. B. Cox, J. R. Forshaw and L. Lönnblad: JHEP 10 (1999) 023 4. O. J. P. Eboli, E. M. Gregores and F. Halzen:

Phys. Rev. D58 (1998) 114005 5. O. J. P. Eboli, E. M. Gregores and F. Halzen:

MADPH-99-1135, (hep-ph/9908374), 1999 6. R. Engel: Z. Phys. C66 (1995) 203 7. R. Engel and J. Ranft: Phys. Rev. D54 (1996) 4244

8. A. Capella, U. Sukhatme, C. I. Tan and J. Trân Thanh Vân: Phys. Rep. 236 (1994) 225 9. P. Aurenche, F. W. Bopp, A. Capella, J. Kwieciński, M. Maire, J. Ranft and J. Trân Thanh Vân: Phys. Rev. D45 (1992) 92 10. J. F. Amundson, O. J. P. Eboli, E. M. Gregores and F. Halzen: Phys. Lett. B372 (1996) 127 11. D0 Collab.: S. Abachi et al.: Phys. Rev. Lett. 72 (1994) 2332 12. D0 Collab.: S. Abachi et al.: Phys. Rev. Lett. 76 (1996) 734 13. D0 Collab.: S. Abachi et al.: Phys. Rev. D53 (1996) 6000 14. D0 Collab.: B. Abbott et al.: Phys. Lett. B440 (1998) 189 15. CDF Collab.: F. Abe et al.: Phys. Rev. Lett. 74 (1995) 855 16. CDF Collab.: F. Abe et al.: Phys. Rev. Lett. 80 (1998) 1156 17. CDF Collab.: F. Abe et al.: Phys. Rev. Lett. 81 (1998) 5278 18. R. Engel and J. Ranft: (hep-ph/9711383), in Proceedings of The Int. Symposium on Near Beam Physics, Fermilab, Sept. 22-24, 1997, 1997 19. F. W. Bopp, R. Engel and J. Ranft: (hepph/9803437), Proceedings of LAFEX Int. School on High-Energy Physics (LISHEP98), Session C: Workshop on Diffractive Physics, Rio de Janeiro, Brazil, 16-20 Feb. 1998, 1998 20. R. Engel and J. Ranft: Proceedings of the 4th Workshop on Small-x and Diffractive Physics, Fermilab Sept. 1998, p. 255, 1998 21. E. Gotsman, E. M. Levin and U. Maor: Phys.

Lett. B309 (1993) 199 22. E. Gotsman, E. Levin and U. Maor: Phys. Lett.

B438 (1998) 229 23. E. Gotsman, E. Levin and U. Maor: Phys. Rev.

D60 (1999) 094011