arXiv:hep-ph/0101352 31 Jan 2001

UNILE-CBR-2001-1 Jan 2001

Distributions of N = 1 QCD

Claudio Corianò^1

Dipartimento di Fisica Universita’ di Lecce and I.N.F.N. Sezione di Lecce Via Arnesano, 73100 Lecce, Italy

Abstract

We describe the N = 1 supersymmetric evolution of the parton distributions with coupled gluinos and scalar quarks (Exact Supersymmetric Altarelli Parisi or ESAP). Superymmetric distributions are generated radiatively and studied as a function of both a matching scale (the match is to an intermediate AP evolution), parameterized by a scalar quark mass, and a final evolution scale. The analysis involves also a comparison with the regular AP evolution. Predictions for all the distributions are presented.

1 E-mail address: Claudio.Coriano@le.infn.it

1 Introduction

The extension of the parton model to include supersymmetry requires, from a theoretical viewpoint, the notion of superymmetric parton distributions, defined in analogy to the standard QCD case. These distributions are needed, in general, in the analysis of initial state supersymmetric corrections to the hard scatterings, with the underlying assumption of validity of the factorization of the cross sections into the usual soft and hard parts. Once this separation is established, the logarithmic evolution of the cross section then proceeds in analogy to QCD, now with the inclusion of supersymmetric states. Supersymmetry is switched-on either partially -in this case the intervening partons include a gluino beside quarks and gluons- or as an exact symmetry of the collision. “Supersymmetric hadrons” enter a collision with this new parton content. The scales chosen for the separation of the hard from the soft contributions to the cross section, usually identified by the momentum distributions of the final state jets, are those which characterize the evolution of the distributions, due to the accompanying scaling violations.

So far, a large amount of work has been devoted to quantify the effects of supersymmetry in the intermediate states, neglecting supersymmetric effects from the initial state. The latter are supposed to be suppressed as by the mass of the superpartners, which are usually assumed to be heavy. An exception to this standard scenario, which involves only supersymmetry in the intermediate stage of a collision, is the hypothesis of a light gluino (see for instance [7]). In this case the gluino couples to the remaining sectors of the evolution and one expects supersymmetric scaling violations to play a role as well. In a previous paper we have studied the supersymmetric evolution of the parton distributions using well known anomalous dimensions which have been calculated long ago [2]. Our contribution to the subject has been to develope an algorithm, in order to generate all the new distributions that the generalized DGLAP evolution predicts. The method is illustrated in [3] for the case of gluino coupling, where some predictions for the supersymmetric distributions have been presented. The evolution considered in [3] involves, as we have already mentioned, a regime of partial supersymmetry, in which the scalar quarks are decoupled. In this work -more detail will be given elsewhere [4]- we present an extension of the previous work to the case of exact supersymmetry. The evolution that we consider in this case is obtained matching the usual DGLAP (or AP) evolution to the the N = 1 evolution of supersymmetric QCD, in a regime of exact supersymmetry (ESAP). This model of the evolution, which we name “AP-ESAP evolution”, is realistic in a scenario in which all the superpartners are close in mass and a partially supersymmetric intermediate stage (that we name “SAP evolution”) -with a coupled gluino and a decoupled squark- is not included. A general and more complex analysis of these features will be presented in forthcoming work.

2 The Evolution Equations of SQCD with Exact Supersymmetry (ESAP)

We refer to previous work of us for a detailed description of the algorithm that we are going to use in this analysis [3]. We introduce some definitions just in order to make our discussion self contained.

Similarly to ordinary QCD, we define singlet and non-singlet distributions

q_V (x, Q^2) = nf∑ i=1 ( q_i(x, Q^2) − q̄_i(x, Q^2) ) , q̃_V (x, Q^2) = nf∑ i=1 ( q̃_i(x, Q^2) − ~q̄_i(x, Q^2) )

q^+(x, Q^2) = nf∑ i=1 ( q_i(x, Q^2) + q̄_i(x, Q^2) )

q̃^+(x, Q^2) = nf∑ i=1 ( q̃_i(x, Q^2) + ~q̄_i(x, Q^2) ) . (1)

The evolution equations can be separated into a non-singlet (matrix) equation and a singlet one. The non-singlet are

Q^2 d dQ^2 [ q_V (x, Q^2) q̃_V (x, Q^2) ] = α(Q^2) 2π P^{N S}_{SAP} ⊗ [ q_V (x, Q^2) q̃_V (x, Q^2) ] (2) where the non singlet (NS) kernel is given by P^{N S}_{SAP} = [ P_{qq} P_{qq̃} P_{q̃q} P_{q̃q̃} ] (3) and the singlet, which mix q_V and q̃_V with the gluons and the gluinos are

Q^2 d dQ^2 G(x, Q^2) λ(x, Q^2) q^+(x, Q^2) q̃^+(x, Q^2) = P^S_{ESAP} (x) ⊗ G(x, Q^2) λ(x, Q^2) q^+(x, Q^2) q̃^+(x, Q^2) . (4)

where we have defined

P^S_{ESAP} = P_{GG} P_{Gλ} P_{Gq} P_{Gq̃} P_{λG} P_{λλ} P_{λq} P_{λq̃} P_{qG} P_{qλ} P_{qq} P_{qs} P_{sG} P_{sλ} P_{q̃q} P_{q̃q̃} (5)

There are simple ways to calculate the kernel of the supersymmetric evolution by a simple extension of the usual methods. The changes are primarily due to color factors. There are also some basic supersymmetric relations which have to be satisfied (see [3]). They are generally broken in the case of decoupling. We use the ansatz discussed in [3] which amounts to take standard iterates of the convolution products in a large number to solve the equations, implemented in the form of a recursion relation. The number of terms included in the iteration varies from 10 to 30 and can be decided at runtime. The convergence is usually spoiled for a larger number of terms since the expansion is a logarithmic asymptotic series in α_s, the strong coupling constant.

3 Radiatively Generated Susy Partners

The valence quark distributions q_V (x, Q^2_0) and gluon distributions G(x, Q^2_0) at the input scale Q_0 are taken from the CTEQ3M parametrization [6]

q(x) = A_0x^{A1} (1 − x)^{A2} (1 + A_3x^{A4} ). (6)

and a vanishing anti-strange contribution at the input. Fig.1 shows the shapes of the initial CTEQ distributions at an initial scale of Q_i = 2 GeV. We compare a regular AP evolution in a given evolution range (Q_0, Q_F )_{AP} with an an initial scale Q_0 fixed by the CTE3M model to 2 GeV and a varying final scale Q_f , to a combined AP-ESAP evolution of the form (Q_0, Q_{int})_{AP} − (Q_{int}, Q_f )_{ESAP} . In the latter case we combine a regular AP evolution from Q_0 up to an intermediate scale Q_{int} with an N=1 (Exact Supersymmetric AP, ESAP) evolution matched at a variable intermediate scale Q_{int}. Above this scale both gluinos and squarks develope anomalous dimensions equal to the supersymmetric moments of the components of the kernels γ_{ij} = ∫ 1 0 dxx^n�^1P_{ij} (x). (7)

The superpartners become massless above the matching scale Q_{int} and the logarithmic corrections generate supersymmetric distributions due to non-diagonal anomalous dimensions. The underlying assumption is that Q_{int} = m_{2λ} for gluino coupling, and Q_{int} = m_{q̃} for the coupling of squarks. Therefore, the transition from the N = 0 (or QCD) AP evolution to the N = 1 (ESAP) evolution is obtained requiring that m_{2λ} = m_{q̃}. In the first stage of the AP-ESAP run, the AP run, we evolve regular distributions of quarks and gluons, with a single non-singlet equation and the usual singlet equation. At the matching scale Q_{int} we switch-on a full-fledged supersymmetric evolution with intial conditions for q(x) and G(x) given by their (final) evolved (AP) shapes. Above the Q_{int} scale the initial conditions for the supersymmetric partners are those of (identically) vanishing gluinos and squarks. The exact (analytic) form of the matching will be presented elsewhere [4], and is similar to the one discussed in our previous work [3]. As we cross m_{q̃} in the evolution we start generating supersymmetric partons radiatively. The results presented in our figures are obtained within this model, which is widespread in the context of QCD applications.

4 Numerical Results

We show in Fig. 1 the shape of the distributions at the lower scale of 3 GeV. They are the non-singlet xu_V (x), the singlet combination xq^+(x) and the gluon xG(x). In Figs. 2,3 and 4 we show comparisons between the AP evolution and the combined AP-ESAP evolution. We take the matching parameter m_{2λ} to be of 20 GeV, corresponding to a light gluino (and to a light scalar quark). The final evolution scale is Q_f = 500 GeV. In Fig. 2 we show the evolution of the gluon density in the AP case versus the AP-ESAP case. The initial and final scales of the AP evolution are taken to be the same (Q_0 = 2 GeV and Q_f =500 GeV). Scaling violations are sizeable both for gluons, for valence quarks (see Fig.4) and for singlet quarks. As shown in Fig. 4 the singlet squark density becomes significant at smaller x. A similar pattern is shown in Fig. 5, in this case for the gluino density. The figure shows the dependence of the density on the matching scale m_{q̃}. The gluino distributions grows sharply at small x. As we increase the mass of the scalar quark the gluino distribution flattens. In Fig. 6 we compare the valence quark distribution for two values of the scalar quark mass in the evolution (m_{q̃} = 20 GeV and 200 GeV respectively). The final evolution scale is fixed to 500 GeV. In the same plot we show for comparison the non singlet scalar quark distribution (for a mass m_{q̃} = 200 GeV). The variation in shape of this distribution due to the presence of a supersymmetric threshold in the evolution is comparable to the typical scaling violations of ordinary QCD induced by a change of the factorization scale. In Fig. 7 we plot the non-singlet squark distribution (denoted as sq_{ns}) for a varying squark mass. The distribution gets lowered drastically as the mass of the scalar quark increases. The shape of this distribution, which is generated radiatively -starting from an initial scale m_{q̃}- is similar to the usual non singlet quark distribution, but rescaled by a factor approximately estimated to be of 5/100. Fig. 8 shows the singlet quark density for 3 values of m_{q̃}. The distributions are more pronounced at smaller x values and become lowered as the scalar quark mass increases. This is expected, since, for a given supersymmetric evolution interval (Q_{int}, Q_f )_{ESAP} , the supersymmetric interval gets smaller as Q_{int} → Q_f and therefore, the logarithmic enhancements are reduced.

A second part of our analysis involves the study of the dependence of the evolution on the final evolution scale at fixed matching scale m_{q̃}. Figs. 9 and 10 show the dependence of xG(x) from the final evolution scale int the AP-ESAP evolution. We have chosen final evolution scales of 1,2, and 5 TeV respectively for both plots. The matching scales in the two plots are different. We have set m_{q̃} = 20 GeV and 200 GeV respectively. The plots show a similar pattern and are hardly distinguishable.

In Fig. 11 we illustrate the dependence of the gluino density on the final evolution scales, chosen to be of 1, 2 and 5 TeV. As we increase the final scale Q_f for a fixed m_{q̃}, the gluino distribution becomes steeper. Figs. 12 and 13 have been included to show the dependence of the the non-singlet distributions (valence) for squarks and quarks on the final evolution scale Q_f . The dependence is slightly more pronounced for squarks than for valence quarks. Finally, Fig. 14 shows the shapes of the gluino, gluon and non-singlet squark distributions when the final scale is very large. We have taken Q_f = 10^6 GeV, corresponding to an extremely energetic collision. The scalar quark contributions are sizeable at smaller x values.

5 Conclusions

Scaling violations induced by a supersymmetric evolution of the parton distributions have been studied in the context of a combined regular and exact supersymmetric evolution. Unless the mass of the superpartners is in the few GeV range, such corrections are not, in general, sizeable for ordinary LHC applications. From a theoretical viewpoint, however, the topic is interesting in its own right. Here we have assumed that the density of superpartners is zero up to a given scale and that their distributions are generated radiatively. The impact of these distributions on the computation of QCD cross sections can be estimated to be of the order of few percent, by a cursory look at their shapes. Applications of these results to the computation of superymmetric cross sections will be presented elsewhere [4].

References

[1] C. Kounnas and D.A. Ross, Nucl. Phys. B214:317, 1983.

[2] I. Antoniadis, C. Kounnas and R. Lacaze, Nucl. Phys. B211:216, 1983.

[3] C. Corianò, Supersymmetric Scaling Violations (I). An Algorithm to solve the Susy DGLAP evolution, hep-ph/0009227, submitted to Nucl. Phys. B.

[4] C. Corianò, Supersymmetric Scaling Violations. The General Supersymmetric Evolution (II), to appear; Sum Rules and Asymmetries of Susy QCD (III), to appear.

[5] G. Rossi, Phys. Rev. D29:852, 1984.

[6] H.L. Lai et al, Phys. Rev. D55:1280, 1997. Phys. Rev. D51:4763, 1996.

[7] J. Botts and J. Blumlein Phys.Lett.B325:190, 1994.

Figure 1: initial CTEQ3M distributions used for a regular AP, with Q_f = 3 GeV.

Figure 2: xG(x) for a regular AP versus an ESAP evolution, with m_{2λ} = 20 GeV. The final evolution scale is Q_f = 500 GeV

7

Figure 3: xu_V (x) for a regular AP versus an AP-ESAP evolution, with m_{2λ} = 20 GeV. The final evolution scale is Q_f = 500 GeV

Figure 4: xq^+(x) and xq̃^+(x) for a regular AP versus an AP-ESAP evolution, with m_{2λ} = 20 GeV. The final evolution scale is Q_f = 500 GeV

8

Figure 5: xλ(x) for the AP-ESAP evolution, with m_{q̃} = 20, 100, 200 GeV respectively. The final evolution scale is Q_f = 500 GeV

Figure 6: Non singlet distributions for the AP-ESAP evolution, with m_{q̃} = 20, 200 GeV for xu_V (x) and for the non-singlet distribution of scalar quarks (m_{q̃} = 200 GeV). The final evolution scale is Q_f = 500 GeV

9

Figure 7: x q̃�(x) in the AP-ESAP evolution, with m_{q̃} = 20, 100, 200 GeV. The final evolution scale is Q_f = 500 GeV

Figure 8: x q̃^+(x) in the AP-ESAP evolution, with m_{q̃} = 20, 100, 200 GeV. The final evolution scale is Q_f = 500 GeV

10

Figure 9: xG(x) in the AP-ESAP evolution, with a squark mass m_{q̃} = 20 GeV. The final evolution scales are 1,2, and 5 TeV respectively

Figure 10: xG(x) in the AP-ESAP evolution, with a squark mass m_{q̃} = 200 GeV. The final evolution scales are 1,2, and 5 TeV respectively

11

Figure 11: xλ(x) in the AP-ESAP evolution, with a squark mass m_{q̃} = 200 GeV. The final evolution scales are 1,2,and 5 TeV respectively

Figure 12: xq̃�(x) in the AP-ESAP evolution, with a squark mass m_{q̃} = 20 GeV. The final evolution scales are 1,2, and 5 TeV respectively

12

Figure 13: xq�(x) in the AP-ESAP evolution, with a squark mass m_{q̃} = 20 GeV. The final evolution scales are 1,2, and 5 TeV respectively

Figure 14: xf(x) in the AP-ESAP evolution with a very large final scale Q_f = 10^6 GeV and with a squark mass m_{q̃} = 100 GeV. Shown are the singlet squark (sq), the gluon and the gluino distributions.