hep-ph/9911220 3 Nov 1999

U.C.PUB.43

KT effect for the top quark production

in hadronic collisions^1

N.Mebarki, Z.Belghobsi^3, K.Benhizia^4 Département de Physique Théorique Constantine University, Constantine, Algeria.^2

Abstract

The K_T effect is studied for the top quark production in pp collisions .It is shown that its contribution is very important for the top quark and depends strongly on the steepness of the cross-section.

1This work was supported by the ministry of education and research under contract N^oD2501/01/05/97.

3On leave from E.N.S de Jijel, Algeria.

4On leave from Institut des Sciences Exactes Université de Batna, Algeria 2Permanent adress

1 Introduction

Progress in understanding the main conceptual weaknesses of the standard model, such as the origin of the family structure of CP violation, might well come in the future from more accurate studies of bottom and top quark decays and interactions.

Morever, the heavy quark production provides a benchmark process for the study of perturbative QCD. This is because the heavy quark mass m_Q defines the scale at which the strong interaction coupling constant α_S is evaluated and m_{Q≫ΛQCD} implies that the production properties should be calculable within perturbation theory. The existence of heavy quarks with different masses(m_c ≈ 1, 5GeV, m_b ≈ 5GeV, m_t ≈ 175GeV) allows us to probe perturbative QCD in regions of different Q^2, where the relative impact of radiative corrections and non-perturbative effects are very different.

The presence of a heavy quark in the final state is also a flag for very specific production mechanisms and select specific classes of relevant higher-order corrections. This can be useful either as a probe of the nucleon structure or as a test of our understanding of radiative corrections in QCD.

Heavy quarks are also important signals of possible new physics, in addition to providing large backgrounds to searches for new physics.

Regarding hadrons collisions, they are by far the largest source of heavy quarks available today. While the environment of high energy hadronic interactions does not allow to trigger on the largest fraction of heavy flavors produced, the production rates are so large that the number of recorded events allows today, the physics studies that are competitive with those of e^+e^− experiments.

The introduction of new experimental techniques, such as the use of silicon vertex detectors, which enable the tagging of events certaining heavy flavors, led in the recent years to high-statistics and low background measurements over a large range transverse momenta.

From the point of view of QCD studies, heavy flavors production in high energy hadronic collisions has better potentials than in fixed target experiments. The heavy quarks produced at large p_T can be studied in perturbative QCD with smaller contaminations from non-perturbative effects because of initial partons transverse momenta which are largely reduced with respect to fixed target heavy quarks production. Furthermore, the fragmentation properties of heavy flavors in high transverse momentum jets can be directly studied, since the transverse momenta involved are typically perturbative.

In spite of all these properties, the comparison of the theory with data collected by the high energy collider experiments(UA1,CDF,D_0 etc...) shows some puzzling discrepancies. The goal of this paper is to study the K_T -effect for the top quark production in hadronic collisions and compare its contribution to the case where this effect is neglected. in section3,we discuss the results and draw our conclusions.

2 FORMALISM:

In QCD the transverse momentum of the direct jet of the top quark can arise from two main sources:

1)In the hadron beam, quarks are confined in the transverse direction to within the hadron radius. Therefore, from the uncertainty principle and due to some Fermi motion, they must have some transverse momentum (fig.1). This momentum is intrinsic to the basic parton ”wave function” inside the hadron.

One can expect that this intrinsic transverse momentum is balanced by the remaining constituents in the hadron which can, in turn fragment into particles opposite to the top quark, there is recoiling quark q_d and two slightly jets; one from the beam and the other from the target (fig.2).

2)In QCD, one expects also to receive an ”effective” transverse momentum of quarks in hadron due to the bremstrahlung of gluons, where the trigger top quark is balanced by two away-side jets, one from the quark q_d and one from the radiated gluon.

In what follows, we will concentrate only on the first effect. Regarding the structure functions, and

taking into account the intrinsic transverse momentum −→ K_T , we can write the differential probability dP that a hadron B of momentum −→ P_B is seen by a probe of four-momentum Q to contain a parton b as follows: dP = f b_B (x_b, −→ K_{Tb} , Q^2)dx_bd −→ K_{Tb} (2-1)

Where x_b −→ P_B(resp. −→ K_{Tb} ) is the longitudinal (transverse) momentum of the parton b inside the hadron B. Note that, the probability function f b_B is now a function of

the intrinsic momentum −→ K_T . Now, since the probability function f b_B (x_b, −→ K_{Tb} , Q^2),

is of the form^1_{xb} F b_B (x_b, −→ K_{Tb}, Q^2), for sufficiently large | −→ K_{Tb} |, x_b may vanish and causes a divergence. To eliminate this divergence, we make the following modification to the probability function f b_B f b_B (x_b, −→ K_{Tb}, Q^2) = (x^2_b + 4 m^2_{Tb} ∼ s )^{− 12} F b_B (x_b, −→ K_{Tb}, Q^2) (2-2)

where the Mandelstam variable^∼s will be defined later. In eq.(2-2), the K_T dependence of the structure function F b_B (x_b, −→ K_{Tb} , Q^2) is unknown in general. Thus, we proceed with the following factorized anzats: F b_B (x_b, −→ K_{Tb} , Q^2) = F b_B (x_b, Q^2)G( −→ K_{Tb}) (2-3)

with the normalization condition: ∫ d^2 −→ K_{Tb} G( −→ K_{Tb}) = 1 (2-4)

The distribution function G( −→ K_{Tb}) can be chosen to be gaussian or exponential of the form: G( −→ K_{Tb}) = Ω2 2π exp(−ΩK_{Tb}) or Ω2 π exp(−Ω^2K^2_{Tb})

Ω > 0 (2-5)

Notice that the parameter Ω is related to the average value of the intrinsic momentum −→ K_T through the relation:

Ω = 2⟨ ^KT ⟩ (2-6)

Regarding the dominant contribution, two subprocesses are responsible for the top quark hadron-production at the leading order in perturbation theory: qq → tt and gg → tt Notice that in qq → tt, the tt pair is always in a column octet state. However in gg → tt both color singlet and octet states are allowed. Moreover, the minimum transverse momentum transferred in the t-channel sets the scale for the argument of the strong coupling constant α_S . Since, this scale is of order of the top quark mass m_t and since this is much larger than Λ_{QCD}, perturbative calculations should be reliable.

In what follows, we restrict our study to the case where the pseudo-rapidity is zero(i.e.θ_{cm} = 90^∘) and consider the inelastic processes of the form A + B → t + X, with the corresponding subprocesses a + b → t + d. By taking the z-axis as the beam and target axis and working in the center of mass system(c.m) of the two incident hadrons(A and B), one can use the following parametrization for the intrinsic momentum −→ K_{Ti} (i=a,b) −→ K_{Ti} = m_{Ti} (sin α_i, cos α_i, 0) 0 ≤ α_i ≤ 2π (2-7)

here m_{Ti} ≡‖ −→ K_{Ti} ‖^2 and called the transverse intrinsic mass. Using the kinematical variables η_i(i = a, b) defined as:

η_i = m_{Ti} P_T (2-8)

where P_T is the top quark transverse momentum, the Mandelstam variables ~s, ~t and ~u of the subprocess a + b → t + d have the following expressions: ~s = ^s_2 χab ~t = (^t − m^2t )Λa + m^2t ~u = (^u − m^2t )Λb + m^2t

(2-9)

where ^s = xaxbs ^t = xa(t − m^2t ) + m^2t ^u = xb(u − m^2t ) + m^2t χ_{ab} = 1 + [ (1 + η^2_a)(1 + η^2_b )

] 1_2

− η_aη_b cos(α_a − α_b) Λ_i = (1 + η^2_i )^12 − η_i cos α_i (i = a, b)

(2-10)

with x_i (i = a, b) is the momentum fraction of the parton”i” inside the hadron and s, t and u are the Mandelstam variables of the hadronic process A+B → t+X.

Now, the differential inclusive cross-section for the top quark hadron production has the following factorized form:

E_t dσ d^3 −→ P_t = ∫∫ d^2 −→ K_{Ta} d^2 −→ K_{Tb}dx_adx_bF a_A (x_a, −→ K_{Ta}, Q^2)F b_B (x_b, −→ K_{Tb}, Q^2)(2-11) . ^s π d~Γ d~t (ab → t + d)δ(~s + ~t + ~u − m^2_a − m^2_b − m^2_c − m^2_d) where E_t(resp. −→ P_T ) is the energy(resp. momentum) of the produced top quark.

Now, for the dominant subprocesses qq → tt and gg → tt, the evaluation of the matrix elements can be done using standard Feynmann diagram techniques. The results are for SU_c(N) color: ∑ spins colors | M(qq → tt) |^2= N^2 − 1 2N^2 g^4 ~s^2 e^2_qe^2_t [ L^2_1 + L^2 + 2m^2_t ~s ] (2 − 12)

∑ spins colors | M(gg → tt) |^2= g^4e^4_t 2N(N^2 − 1) [ (N^2 − 1)~s^2 L_1L_2

− 2N^2 ] (2-13) [ L^2_1 + L^2 ~s^2 + 4m^2_t ~s − m^4_t L_1L_2 ]

where L_1 = ~t − m^2_t and L_2 = ~u − m^2_t

(2-14)

with g is the strong coupling and e_q(resp.e_t)is the charge of the light valence(resp. top) quark.

For the pp collisions for example. Straightforward calculations lead to: E_t dσ d^3 −→ P_t = σ_1 + σ_2 (2-15)

where:

σ_1 = ∑ q,q ∫∫ d^2 −→ K_{Tq} d^2 −→ K_{Tq} G( −→ K_{Tq} )G( −→ K_{T q})^σ_1 (2-16) and σ_2 = ∫∫ d^2 −→ K_{T1g} d^2 −→ K_{T2gq} G( −→ K_{T1g} )G( −→ K_{T 2g})^σ_2 (2-17)

with

^σ_1 = ∑ q,q ∫_1 x0 dx_1f q_p (x_1, Q^2_1)f q_p (x_2, Q^2) [ x_1s 2 χ_{12} − √ sP_T (1 + m^2_t P^2_T

)^{1/2}Λ_2 ]−_1 (2-18)

. |M(qq → tt|^2 16π^2~s

^σ_2 = ∑ q,q ∫_1 x0 dx_1f q_p (x_1, Q^2_1)f q_p (x_2, Q^2) [ x_1s 2 χ_{12} − √ sP_T (1 + m^2_t P^2_T

)^{1/2}Λ_2 ]−_1 (2-19)

. |M(gg → tt|^2 16π^2~s

Notice that, from the energy momentum conservation relation manifested in the δ(~s + ~t + ~u − 2m_t) function(see eq.(2-11)),we obtain

x_2 = x_1 √ sP_T (1 + m^2_t P^2_T

)^{1/2}Λ_1 [ x_1s 2 χ_{12} − √ sP_T (1 + m^2_t P^2_T

)^{1/2}Λ_2 ]−_1 (2-20) and x_0 = √ sP_T (1 + m^2_t P^2_T

)Λ_2 [ s 2 χ_{12} − √ sP_T (1 + m^2_t P^2_T

)^{1/2}Λ_1 ]−_1 (2-21)

Now, to get an idea of the K_T -effect contribution and its dependence on the transverse momenta P_T and since the important contribution comes from the region where x_a ≈x_b ≈x_T [ ] ,we can parametrize the hadronic inclusive cross-section E_t^{dσ}_{d3}−→_{Pt} (A + B → t + X) ≡ σ(0) as [ ]:

σ(0) = ∫∫ d^2 −→ K_{Ta} d^2 −→ K_{Tb} (1 − x_T )^n P^{−m}_T G( −→ K_{Ta})G( −→ K_{Tb}) (2-22)

without taking into account the intrinsic −−→ K_T -effect. Then, σ( −→ K_T ) takes the form: σ( −→ K_T ) = ∫∫ d^2 −→ K_{Ta}d^2 −→ K_{Tb} (1 − ~x_T )^n P^{−m}_T G( −→ K_{Ta})G( −→ K_{Tb}) (2-23)

where x_T =^{2PT√}_s ~xT =^2 ~P^T√s P_T =

[_( ^t−m^2_t )(^u−m^2_t ) ^s − m^2t ] 1_2 ≈ [_(t−m_{2t )(}u−m_{2t )} s − m^2_t ]^1_2

~PT = [_( ~t−m^2_t )(~u−m^2_t ) ~s − m^2t ] 1_2

(2-24)

(n and m are positive real numbers depending on the initial hadrons). Using the fact that the kinematical variables η_i in eq.(2-8) are small quantities expression(2- 16) becomes: ~σ(KT ) ≈ ∫∫ d^2 −→ K_{Ta}d^2 −→ K_{Tb} G( −→ K_{Ta})G( −→ K_{Tb}) [ 1 + n − m 2 ( 1 + m^2_t P^2_T ) S_{ab} ] (2-25)

where S_{ab} = η^2_a 4 + η^2_b 4 −η_a cos α_a −η_b cos α_b +η_aη_b(2 cos α_a cos α_b +sin α_a sin α_b) (2-26)

Choosing the exponential form of G( −→ K_{Ti}) (i = a, b) in eq.(2 − 5) together with the relation (2-6) we obtain the ratio: R ≡ σ( −→ K_T ) σ(0)

≈ 1 + 3 8π ⟨K_T ⟩ P_T (n − m) ( 1 + m^2_t P^2_T ) (2-27)

Notice that the K_T -effect is important for small values of the transverse momentum P_{Ti} where the cross-section is large.

3 Numerical results and conclusions

Using Monte Carlo calculations to evaluate the triple integrations in eq.(2-15 ), we have calculated the ratio R of the born differential cross section E_t^{dσ}_{d3}−→_{Pt} with the intrinsic parameter K_T -effect over that without this effect.

For the modified parton distribution functions f(x, −→ K_T , Q^2)inside the parton for the amplitude we have used the factorized form with G( −→ K_T ) taken as a Gaussian distribution function (see eq.(2-5)) and f(x, Q^2) given by set-II of Duck-Owens with QCD parameter Λ = 0.4Gev [10]where we have taken m_t = 175Gev √ S ∼= 400Gev for simplicity, the factorization scale Q^2 ≃ ^s, Fig1 displays the ratio R. We notice that as P_T decrease(small x_T ) increases the ration R increases; in fact for P_{T ≃}40Gev and K_T ≈ 1Gev the ratio R ≈ 1.12, however if P_{T ≃}20Gev and K_T ≈ 5 − 7Gev the ratio R ≈ 1.46 − 1.64.

However for a given value of K_T the ratio R decrease rapidly for example if K_T ≈ 4Gev the ratio R ≈ 1.01 − 1.37 for P_{T ≃}60Gev.

This shows that the K_T effect depends on the steepness of the cross section Fig.2 presents contour lines of the ratio R as a function of P_T and K_T . Notice that the K_T effect is very important at a small values of P_T and the ratio R can achieves the value 1.61 for K_T ≈ 6Gev and P_T ≈ 20Gev.

Notice also that from the asymptotic form the ratio R is very sensitive to the mass of the top quark; the larger the top quark mass the more important is the effect.

Than we conclude that for the top quark the contribution of the K_T effect to the cross section is very important especially at smaller values of P_T (or x_T ) and large values of ⟨K_T ⟩ and any measure on the cross section gives information on this intrinsic Fermi motion of the partons inside the hadrons(more details are under investigations)

3.1 Acknowledgment

We are very grateful to prof. S. J. Brodsky and R. K. Ellis for useful private communications

4 References

1.J.C.Collins, D. E. Soper and G. Sterman, Nucl. phys. B263(1986)37.

2.F.Halzen and G. Herzig,phys.Rev.D30(1984)2326. 3.V.Barger and R. J. N.Phillips,phys.Rev.D31.(1985)215. 4.A.Ali and G. Ingelman,Phys.lett.156B(1985)111.

5.A-H. Mueller and P. Nason,Phys. Lett.156B(1985)226;Nucl.phys.B266(1986)265. 6.R.K. Ellis and J. C. Sexton, Nucl. Phys. B(1986)445 7.G. Kopper,J. H. Kuhn and P. Zerwas,phys.lett.153B(1985)324. 8.N.Mebarki and Z.Belghobsi and K.Benhizia in ”higher twist effect in heavy flavors production” (1998)Constantine University preprint,U.C.-pub41 9..N.Mebarki and Z.Belghobsi and K.Benhizia in ”Higher order radiative corrections for heavy flavors and self-gluon approach”(1998)Constantine University preprint,U.C.-pub42.

10.D.Duck and G. Owens, phys.Rev.D30,49(1984)