arXiv:hep-ph/0307207 v1 16 Jul 2003

NNLO SOFT AND VIRTUAL CORRECTIONS FOR ELECTROWEAK, HIGGS, AND SUSY PROCESSES^∗

NIKOLAOS KIDONAKIS Cavendish Laboratory, University of Cambridge Cambridge CB3 0HE, England E-mail: kidonaki@hep.phy.cam.ac.uk

I present applications of a master formula for next-to-next-to-leading order soft and virtual QCD corrections to various electroweak, Higgs, and supersymmetric processes. They include Drell-Yan and charged Higgs production, single-top production in flavor-changing neutral-current processes, and squark and gluino production.

1 Introduction

Soft and virtual QCD corrections to processes of electroweak or supersymmetric (SUSY) origin can be substantial. The calculations of the cross sections, total or differential, in hadron-hadron and lepton-hadron colliders can be represented in factorized form by σ = ∑ f ∫ [∏ i dx_i ϕ_{f/hi} (x_i, μ^2_F ) ] σ̂(s, t_i, μ_F , μ_R) (1)

with σ the physical cross section, σ̂ the partonic cross section, ϕ_{f/hi} the parton distribution for parton f in hadron h_i, and μ_F , μ_R the factorization and renormalization scales, respectively.

The perturbatively calculable σ̂ includes soft and virtual corrections from soft-gluon emission and virtual diagrams. These corrections appear as plus distributions and delta functions in σ̂. In single-particle-inclusive (1PI) kinematics the plus distributions are D_l(s_4) ≡ [ln^l(s_4/M^2)/s_4]_+ with s_4 = s+t+u− ∑ m^2, where s, t, u are kinematical invariants and m the masses of the particles in the

∗The author’s research has been supported by a Marie Curie Fellowship of the European Community programme “Improving Human Research Potential” under contract number HPMF-CT-2001-01221. 1 scattering, and M any relevant hard scale. In pair-invariant-mass (PIM) kinematics they are D_l(z) ≡ [ln^l(1 − z)/(1 − z)]_+ with z = Q^2/s, where Q^2 is the pair mass squared. Note that s_4 (sometimes called s_2) → 0 and z (sometimes called x) → 1 at threshold.

A unified approach and a master formula for calculating these corrections at next-to-next-to-leading order (NNLO) for any process in hadron-hadron and lepton-hadron colliders have been recently presented in Ref. [1]; they follow from threshold resummation studies [2, 3, 4, 5]. Here I describe various applications to processes which are of electroweak or supersymmetric origin at lowest order.

2 NLO and NNLO corrections

I begin by presenting the generalized next-to-leading-order (NLO) master formula for processes with simple color flows, which is appropriate for many electroweak and SUSY processes. The NLO soft and virtual corrections in the MS scheme in either 1PI or PIM kinematics take the form

σ̂^{(1)} = σ^B α_s(μ^2_R) π {c_3 D_1(x_{th}) + c_2 D_0(x_{th}) + c_1 δ(x_{th})} , (2)

with x_{th} the threshold variable s_4 (in 1PI kinematics) or 1 − z (in PIM kinematics), where σ^B is the Born term, c_3 = ∑ i 2C_{fi} , c_2 = T_2 − ∑ i C_{fi} ln(μ^2_F /s) with T_2 = 2 ReΓ^{′(1)}_S − ∑ i [ C_{fi} + 2C_{fi} δ_K ln ( −t_i M^2 )] , (3)

and c_1 = c^μ_1 + T_1, with

c^μ_1 = ∑ i [ C_{fi} δ_K ln ( −t_i M^2 ) − γ^{(1)}_i ] ln ( μ^2_F s ) + d_{αs} β_0 4 ln ( μ^2_R s ) . (4)

We note that we sum over incoming partons i and the C_{fi} ’s are color factors, C_F = 4/3 for quarks and C_A = 3 for gluons. Also δ_K is 0 (1) for PIM (1PI) kinematics. Γ_S are soft anomalous dimensions which describe the color exchange in the hard scattering, γ_i are parton anomalous dimensions, β_0 = (11C_A − 2n_f )/3 is the lowest-order beta function, and d_{αs} equals 0,1,2 if the Born cross section is of order α^0_s, α^1_s, α^2_s, respectively. More detais are given in Ref. [1].

At NNLO the MS scheme master formula for the soft and virtual corrections is σ̂^{(2)} = σ^B (α^2_s(μ^2_R)/π^2)σ̂^{′(2)} with

σ̂′^{(2)} = 1 2 c^2_3 D_3(x_{th}) + [ 3 2 c_3 c_2 − β_0 4 c_3 ] D_2(x_{th}) + { c_3 c_1 + c^2 − ζ_2 c^2_3 − β_0 2 T_2 + β_0 4 c_3 ln ( μ^2_R s ) + ∑ i C_{fi} K } D_1(x_{th})

+ { c_2 c_1 − ζ_2 c_2 c_3 + ζ_3 c^2_3 − β_0 2 T_1 + β_0 4 c_2 ln ( μ^2_R s ) + 2 ReΓ^{′(2)}_S − ∑ i ν^{(2)}_{fi}

+ ∑ i C_{fi} [ β_0 8 ln^2 ( μ^2_F s ) − K 2 ln ( μ^2_F s ) − K δ_K ln ( −t_i M^2 )]} D_0(x_{th}) + R_{δ(xth)} δ(x_{th}) . (5) More details and extensions of the master formulas to the more general case of complex color flows are given in Ref. [1].

3 Applications to electroweak and SUSY processes

Using the NNLO master formula I have rederived known NNLO results for Drell-Yan and Higgs production and for W^+γ production, and I have produced new results for many other processes [1]. Here I give a few examples.

3.1 The Drell-Yan process, qq̄ → V

The NLO corrections are given by Eq. (2) with x_{th} = 1 − x = 1 − Q^2/s, and c_3 = 4C_F , c_2 = −2C_F ln(μ^2_F /Q^2), c_1 = −(3/2)C_F ln(μ^2_F /Q^2) + 2C_F ζ_2 − 4C_F . Using Eq. (5) we rederive the NNLO soft and virtual corrections in Ref. [6] and thus also derive previously unknown two-loop anomalous dimensions in Eq. (5). Similar results are given in Ref. [1] for W^+γ production, qq̄ → W^+γ [7], and related results are derived in [1] for Standard Model Higgs production, gg → H. 3.2 Charged Higgs production, b̄g → H^+t̄

The NLO corrections are given by Eq. (2) and the NNLO corrections by Eq. (5), with x_{th} = s_2 = s + t + u − m^2_{H+} − m^2_{t̄} − m^2_{b̄} , and c_3 = 2(C_F + C_A), c_2 =

C_F [ln(m^4_H /(sm^2_t )) − 1 − ln(μ^2_F /s)] + C_A[ln(m^4_H /(t_1u_1)) − ln(μ^2_F /s)], and c^μ_1 = ln(μ^2_F /s)[C_F ln(−u_1/m^2_H )+C_A ln(−t_1/m^2_H )−3C_F /4−β_0/4]+(β_0/4) ln(μ^2_R/s).

3.3 FCNC single-top production, eu → et

Here we consider single-top production mediated via flavor-changing neutral currents (FCNC) through a term in the effective Langrangian of the form κ_{tqγ} et̄σ_{μν}qF^{μν} /Λ [8].

Figure 1: Born cross section, NLO corrections, and total NLO (Born+NLO corrections) cross section for FCNC single-top production at HERA with m_t=175 GeV/c^2, κ_{tuγ} = 0.1, and √ S = 300 GeV. Here Q = μ_F = μ_R.

The NLO corrections are given by Eq. (2) with x_{th} = s_2 = s + t + u − m^2_t − 2m^2_e, c_3 = 2C_F , c_2 = C_F [−1 − 2 ln((−u + m^2_e)/m^2_t ) + 2 ln((m^2_t − t)/m^2_t ) − ln(μ^2_F /m^2_t )], and c^μ_1 = [−3/4 + ln((−u + m^2_e)/m^2_t )]C_F ln(μ^2_F /s). They stabilize the FCNC single top cross section at HERA as a function of scale (see fig. 1)

[8]. The NNLO corrections are given by Eq. (5).

3.4 Squark and gluino production

We now consider squark and gluino production. We start with squark pair production. For the process qq̄ → q̃ ~q̄ and qq → q̃q̃ the c_i coefficients are the same as for the qq̄ → QQ̄ channel in heavy quark pair hadroproduction [1]; for gg → q̃~q̄ they are the same as for gg → QQ̄.

We continue with gluino pair production. For the process qq̄ → g̃g̃ the c_i’s are the same as for qq̄ → q̃~q̄; for gg → g̃g̃ they are the same as for gg → q̃~q̄.

Finally we study squark-gluino production, qg → q̃g̃. Here x_{th} = s_4 = s + t + u − m_{q̃} − m_{g̃} , c_3 = 2(C_F + C_A), c_2 = −C_F − C_A − 2C_F ln(−u_1/m^2) − 2C_A ln(−t_1/m^2) − (C_F + C_A) ln(μ^2_F /s), and c^μ_1 = ln(μ^2_F /s)[C_F ln(−u_1/m^2) + C_A ln(−t_1/m^2) − 3C_F /4 − β_0/4] + (β_0/2) ln(μ^2_R/s), with m = m_{q̃} or m_{g̃} .

References

[1] N. Kidonakis, Cavendish-HEP-03/02, hep-ph/0303186; in DIS03, hepph/0306125.

[2] N. Kidonakis and G. Sterman, Phys. Lett. B 387, 867 (1996); Nucl. Phys.

B505, 321 (1997); N. Kidonakis, G. Oderda, and G. Sterman, Nucl. Phys. B525, 299 (1998); Nucl. Phys. B531, 365 (1998).

[3] E. Laenen, G. Oderda, and G. Sterman, Phys. Lett. B 438, 173 (1998).

[4] N. Kidonakis, Phys. Rev. D 64, 014009 (2001); Int. J. Mod. Phys. A 15, 1245 (2000).

[5] N. Kidonakis, hep-ph/0208056; in DIS03, hep-ph/0307145.

[6] T. Matsuura, S.C. van der Marck, and W.L. van Neerven, Nucl. Phys.

B319, 570 (1989); R. Hamberg, W.L. van Neerven, and T. Matsuura, Nucl. Phys. B359, 343 (1991).

[7] S. Mendoza, J. Smith, and W.L. van Neerven, Phys. Rev. D 47, 3913 (1993).

[8] A. Belyaev and N. Kidonakis, Phys. Rev. D 65, 037501 (2002).