LU-TP 97-15 June 1997

The Linked Dipole Chain MC

Hamid Kharraziha

Department of Theoretical Physics Lund University www.thep.lu.se hamid@thep.lu.se

Abstract. We are working on a full-scale Monte Carlo simulation program [1] for describing e-p collisions. This MC is based on the Linked Dipole Chain (LDC) model which, in turn, is a modification and generalization of the CCFM model. Here I will start by explaining the basic model, then describe the MCimplementation and finish with some preliminary results.

INTRODUCTION

Generally in perturbative e-p DIS models one assumes that a parton is picked up from a proton parton distribution at low virtuality. After some perturbative emissions, called Initial State Bremsstrahlung (ISB), one ends up with a quark which interacts with the electron. More partons are then emitted from the initial ladder and those are called Final State Bremsstrahlung (FSB). In a realistic model one must also include a hadronization process where the partons become jets of colour singlet hadrons.

With the Linked Dipole Chain (LDC) model [2], one can perform both the ISB, to evaluate the structure function or the cross section, and the FSB to get a full description of the final state. The hadronization is then performed by the Lund fragmentation model [3]. In the MC-implementation one can also include corrections to the leading log approximation and use a running coupling.

The ISB part of the model is based on the CCFM [4] description which is a leading log approximation interpolating smoothly between the so called DGLAP [5] and BFKL [6] regions. Both DGLAP and BFKL have been shown to be asymptotically exact, though in different parts of phase space.

The original idea behind the LDC model is to incorporate CCFM into the Lund dipole picture [7]. This was shown to be a fruitful approach and, in the © 1997 American Institute of Physics 1 process, the CCFM scheme has become simpler and it has become possible to generalize the theory to handle a larger set of events. In addition some nonleading corrections are expected to be smaller in magnitude and more easily included in the formalism.

The dipole picture has previously been successful describing parton cascades in hadronic e^+e� events and DIS. In the LDC model a direct connection between final state parton distributions and the evolution of the structure function is made possible, thus resulting in a theoretically more appealing picture.

LDC CROSS SECTIONS

The allowed phase space for the ISB in the LDC model is given by ordering of the positive and negative light cone momenta of the emitted partons, {q_{i+}} and {q_i�}, with the outer limits set by the proton positive light cone momentum, P_+, and the photon negative light cone momentum, p_γ�. There is also an additional restriction that the transverse momentum, q_i? of the emitted parton must be larger than the lower of the transverse momenta of the surrounding propagators, k_i? and k_i�_1?.

p_γ� > q_n� > . . . > q_1�, q_{n+} < . . . < q_{1+} < P_+, q_i? > min (k_i?, k_i�_1?) (1)

For the weight distribution, dw of the initial chain, one has the nice factorization property: dw = dw_1dw_2...dw_n, with one factor for each emission given by: dw_i = ᾱ d^2q̄_i? πq^2_i? dz_{i+} z_{i+} , (2)

where z_{i+} = k_{i+}/k_{(i}�_{1)+} < 1 and ᾱ = 3α_s/π.

By integrating the azimuthal angle it can be written approximately as: dw_i = ᾱ dk^2_i? k^2_i? dz_{i+} z_{i+} min 1, k^2_i?

k^2_i�_1? ! . (3)

It is instructive to look at three different possibilities for two succeeding emissions, specified by different orderings of the transverse momenta of the propagators, numbered k_1, k_2 and k_3 with k_1 closest to the proton end:

• k_1? < k_2? < k_3?: This is included in DGLAP and gives the same weight as there: dw_2dw_3 ∝^1_{k2} ? 1 k23? . • k_1? < k_2? > k_3?: This gives the weight dw_2dw_3 ∝^1_k4_2? and resembles a hard sub collision with a momentum transfer t̂ ≃ k^2?.

• k_1? > k_2? < k_3?: Here dw_2dw_3 ∝^1_k2_1?^1_k2_3? , which has no factor^1_k2? and is thus infrared safe!

FIGURE 1. The phase space of parton emission from (a) a q � q̄ pair and (b) in a DIS event.

THE DIPOLE MODEL

The Dipole model [7] was originally developed for parton cascades from a quark-antiquark system. The phase space for gluon emission from a q − q̄ pair is given (in leading log) approximately by the triangular area in fig 1a. The gluons are assumed to be radiated from a q − q̄ colour dipole and after each emission, the dipole is split into smaller dipoles, which continue to radiate independently under a p?-ordering condition (shaded area). The size of the dipole triangle is determined by the q − q̄ central mass energy W .

The momenta {q_i} of the emitted ISB partons in DIS can of course also be plotted in a similar way (see fig 1b). Due to the ordering in positive and negative light cone momenta, one can insert the ISB into a triangle with a size determined by the photon’s negative light cone momentum and the positive light cone momentum of the first perturbative gluon. After doing this, the FSB partons can be emitted in a similar way as for the q − q̄ parton shower. The phase space of the FSB is the shaded area in fig 1b.

LEADING LOG RESULTS

The LDC model has been implemented in a MC program and some results within the leading log approximation have been achieved (for details of the implementation plus additional results see ref. [8]).

One result is that for a running coupling and very small x-Bjorken, the ISB chain seems to saturate around a constant p?-level as it moves along the rapidity axis. The prediction from the BFKL model is that log p? along the chain would be described by a Gaussian distribution with a growing width ∝ log 1/x. From the result of the LDC model one can clearly see that the BFKL prediction is indeed true for a constant coupling but not for a running coupling.

FIGURE 2. The decrease of the parton density with p? at a given rapidity, for different x-values, for constant vs. running coupling.

This is illustrated by the form of the decrease of the parton density with larger p?-values, at a given rapidity. In fig 2 the parton density is plotted as a function of log p? for different values of x-Bjorken, for constant vs. running coupling. The Gaussian behavior is observed for constant coupling, while for running coupling it appears to decay exponentially. It seems though that the exponential decay is significant only for events with very small x-values and might not be visible in available data.

THE REALISTIC MC

It is clear that we must include corrections to the leading log approximation, to be able to make proper quantitative predictions for the structure functions and final state properties of the experimental data. The necessary corrections are to require energy conservation, to include subleading terms in the splitting functions (including quarks) and to convolute the perturbative evolution with input parton distributions at low virtuality. Further, an O(α_s) matrix element correction at the electroweak vertex is used.

The ISB emissions according to the LDC model together with the above corrections are implemented into the framework of the Ariadne event generator [9]. The FSB emissions according to the Dipole model are performed by the Ariadne event generator and the produced partons are hadronized by the JETSET MC [10] which uses the Lund fragmentation model.

RESULTS

As a preliminar result, the E? flow in the hadronic c.m.s. is plotted in fig. 3, together with experimental data from [11].

FIGURE 3. The E? flow as a function of pseudorapidity in hadronic c.m.s. compared with data from [11] (crosses)

REFERENCES

1. H. Kharraziha, L. Lönnblad, preprint in preparation;

G. Gustafson, H. Kharraziha, L. Lönnblad, proceedings of the Future physics at HERA workshop, DESY Hamburg 1996, Eds. G. Ingelman, A. De Roeck, R. Klanner, Vol. 1, p 620.

2. B. Andersson, G. Gustafson, J Samuelsson, Nucl. Phys. B 467, 443-478 (1996). 3. B. Andersson, G. Gustafson, G. Ingelman, T. Sjöstrand, Phys. Rep. 97 (1983) 31. 4. M. Ciafaloni, Nucl. Phys. B 296, 49 (1988);

S. Catani, F. Fiorani and G. Marchesini, Phys. Lett. B 234, 339 (1990), Nucl. Phys. B 336, 18 (1990).

5. V. N. Gribov, L. N. Lipatov, Sov. J. Nucl. Phys. 15 (1972) 438 and 675;

G. Altarelli, G. Parisi, Nucl. Phys. B 126 (1977) 298; Yu.L. Dokshitzer, Sov. Phys. JETP 46 (1977) 641.

6. E. A. Kuraev, L. N. Lipatov and V. S. Fadin, Zh. Eksp. Teor. Fiz. 72, 373 (1977) [Sov. Phys. JETP 45, 199 (1977)];

Ya. Ya. Balitsky and L. N. Lipatov, Yad. Fiz. 28, 1597 (1978) [Sov. J. Nucl. Phys. 28, 822 (1978)] 7. G. Gustafson, Phys. Lett. B 175 (1986) 453;

G. Gustafson, U. Petterson, Nucl. Phys. B 306 (1988) 746; B. Andersson, G. Gustafson, L. Lönnblad, Nucl. Phys. B 339 (1990) 393.

8. J B. Andersson, G. Gustafson, H. Kharraziha, J. Samuelsson, Z. Phys. C 71, 613-624 (1996).

9. L. Lönnblad, Comp. Phys. Comm. 71 (1992) 15. 10. T. Sjöstrand, Comp. Phys. Comm. 82 (1994) 74. 11. H1 Collaboration, I. Abt et al., Phys. Lett.B356 (1995) 118.