arXiv:1011.4005v2 [hep-th] 5 Jul 2011

Beyond cusp anomalous dimension from integrability in SYM_4

Davide Fioravanti^a, Paolo Grinza^b and Marco Rossi^{c ∗}

a Sezione INFN di Bologna, Dipartimento di Fisica, Università di Bologna, Via Irnerio 46, Bologna, Italy

bDepartamento de Fisica de Particulas, Universidad de Santiago de Compostela, 15782 Santiago de Compostela, Spain

cDipartimento di Fisica dell’Università della Calabria and INFN, Gruppo collegato di Cosenza, I-87036 Arcavacata di Rende, Cosenza, Italy

Abstract

We study the first sub-leading correction O((ln s)^0) to the cusp anomalous dimension in the high spin expansion of finite twist operators in N = 4 SYM theory. This term is still governed by a linear integral equation which we study in the weak and strong coupling regimes. In the strong coupling regime we find agreement with the string theory computations.

Contribution to the proceedings of the workshop Diffraction 2010, Otranto, 10th-15th September. Talk given by M.Rossi.

Keywords: Integrability; Bethe Ansatz equations; Nonlinear integral equation; AdS-CFT correspondence.

PACS: 11.25.Hf, 11.25.Tq, 11.30.Pb

∗E-mail: fioravanti@bo.infn.it, pgrinza.grinza@usc.es, rossi@cs.infn.it

1 Aims, motivations and tools

Our aim is to compute anomalous dimensions γ of linear combinations of twist L scalar operators in planar N = 4 SYM, O(x) = ∑ k_1+...+k_L=s c_{k1,...,kL} Tr ( D^{k1}_+ ϕ(x)...D^{kL}_+ ϕ(x) ) , (1.1)

which diagonalise the dilatation operator D̂ O = Δ O = (L + s + γ(g, s, L))O . (1.2)

We indicate with λ = 8π^2g^2 the ’t Hooft coupling and, for given s, L, we focus on the linear combination of operators with minimal anomalous dimension γ(g, s, L). Moreover, we go to the high spin (s → ∞) limit: in such a limit the anomalous dimension is proportional to ln s, γ(g, s, L) = f(g) ln s + f_{sl}(g, L) + O ( 1 ln s ) , the scaling function f(g) being twice the cusp anomalous dimension of light-like Wilson loops [1].

The main motivation of our work comes from the AdS/CFT correspondence [2]. This is a remarkable strong/weak coupling duality which, in particular, equates the spectrum of anomalous dimensions of composite operators in N = 4 SYM to the energy spectrum of states in type IIB superstring theory in AdS_5×S^5. Another reason of interest for twist two operators (1.1) resides in the connection between elements of their anomalous dimension matrix and the Mellin transforms of splitting kernels of DGLAP equations. In particular, f_{sl}(g, 2) coincides with the coefficient of the δ(1 − z) term, i.e. the virtual scaling function.

In order to compute anomalous dimensions in planar limit, we will use the powerful tool of integrability. Integrability was first found in one loop planar QCD: on the one hand, scattering of Reggeised gluons was shown to be described by spin 0 Heisenberg chain [3]; on the other hand, the spectrum of anomalous dimensions of aligned-helicity twist operators was found to coincide with the spectrum of the spin -1/2 Heisenberg chain [4]. In planar N = 4 SYM integrability exists not only at one loop [5], but at all loops and in all the gauge theory sectors [6]. In brief, every composite operator can be thought of as a state of a ’spin chain’, whose Hamiltonian is the dilatation operator itself: the large size (asymptotic) spectrum is described by certain Asymptotic Bethe Ansatz (ABA) equations (the so-called Beisert-Staudacher equations, cf. [6, 7] and references therein). Unfortunately, this works only for infinitely long operators: anomalous dimensions of operators with finite length depend not only on ABA data, but also on finite size ’wrapping’ corrections [8]. Recent progress has shown that a set of Thermodynamic Bethe Ansatz (TBA) equations [9] provides exact (any length at any coupling) predictions on anomalous dimensions of planar N = 4 SYM. Yet, f(g) and f_{sl}(g, L) are wrapping-free, cf. below.

2 From Bethe equations to linear integral equations

We now briefly review how ABA helps in computing anomalous dimensions. Restricting to operators O(x) and supposing that wrapping correction can be neglected, anomalous dimensions γ(g, s, L) can be expressed as γ(g, s, L) = ig^2 2 s∑ k=1 [( 1 x^+(u_k) ) − ( 1 x^−(u_k) )] , with u_k solutions of ’Bethe’ equations, ( u_k +^i_2 u_k −^i_2 )L 1 +^{g2}_{2x−k 2}

1 +^{g2}_{2x+k 2} L = s∏ j=1 j≠k u_k − u_j − i u_k − u_j + i 1 −^{g2}_{2x+k x−j} 1 −^{g2}_{2x−k x+j} 2 e^{2iθ(uk ,uj )} , (2.3)

where x^±_k = x(u_k ± i/2) , x(u) =^u_2 [ 1 + √ 1 −^{2g2}_{u2} ] and θ(u, v) is the dressing phase [6, 7]. It is convenient to study (2.3) in the high spin limit, as in [10]. In such a limit, indeed, wrapping corrections are reduced: perturbative computations [11] show that they affect O

(_{(ln s)2}

s^2 ) terms. In addition, we showed [12, 13] that, at high spin, the nonlinear Bethe equations (2.3) can be equivalently rewritten as linear integral equations, the nonlinear terms appearing at the order O

(_1

s^2 ) . Putting together these two facts, we deduce that both f(g) and f_{sl}(g, L) can be obtained from solutions of linear integral equations for the density of Bethe roots σ(u), descending from the ABA equations (2.3). In specific, when s → ∞, we can split the density of Bethe roots as σ(u) = ln s σ^{(1)}(u) + σ^{(0)}(u) + O

(_1

ln s ) . At leading order ln s one has the BES equation [7]

σ̂^{(1)}(k) = F^{(1)}(k) − g^2k sinh^k_2 ∫_{+∞} 0 dte^{− t2} K̂( √ 2gk, √ 2gt)σ̂^{(1)}(t) ,

with F^{(1)}(k) = 4g^2πk sinh^k_2 K̂( √ 2gk, 0) and ’kernel’

K̂(t, t^′) = 2 tt^′ [_∞ ∑ n=1 nJ_n(t)J_n(t^′) + 2 ∞∑ k=1 ∞∑ l=0 (−1)^{k+l}c_{2k+1,2l+2}(g)J_{2k}(t)J_{2l+1}(t^′) ] , which gives f(g) =^{σ̂(1)(0)}_π . Even if an explicit expression for f(g) was not found, weak coupling [14, 7] and strong coupling [15] expansions were easily obtained.

Going further at the order (ln s)^0, one has the linear integral equation [12]

σ̂^{(0)}(k) = F^{(0)}(k) − g^2k sinh^k_2 ∫_{+∞} 0 dte^{− t2} K̂( √ 2gk, √ 2gt)σ̂^{(0)}(t) , (2.4)

which has the same kernel as BES equation, but different forcing term:

F^{(0)}(k) = 4g^2 πk sinh^k_2 ∫_{+∞} 0 dt e^t − 1

[K̂( √ 2gk, √ 2gt) − K̂( √ 2gk, 0)] + + πL sinh^k_2

[1 − J_0( √ 2gk)] + 4g^2γ_E πk sinh^k_2 K̂( √ 2gk, 0) + + g^2(L − 2) πk sinh^k_2 ∫_{+∞} 0 dte^{− t2} K̂( √ 2gk, √ 2gt) 1 − e^t2 sinh^t_2 .

The solution of (2.4) gives f_{sl}(g, L) =^{σ̂(1) (0)}_π : one easily gets weak coupling perturbative expansion [16]:

f_{sl}(g, L) = (γ_E − (L − 2) ln 2)f(g) + 8(2L − 7)ζ(3) ( g √ 2 )_4 − − 8 3 ( π^2ζ(3)(L − 4) + 3(21L − 62)ζ(5) ) ( g √ 2 )_6 + + 8 15 ( π^4ζ(3)(3L − 13) + 75(46L − 127)ζ(7) + 5(11L − 32)π^2ζ(5) ) ( g √ 2 )_8 + . . . The strong coupling asymptotic series [17, 16] requires a slightly bigger effort: f_{sl}(g, L) = 2 √ 2 g [ ln 2 √ 2 g − 1 − 3 ln 2 2 √ 2π g ln 2 √ 2 g + 6 ln 2 − π + (2 − L)π 2 √ 2πg − − K 8π^2g^2 ln 2 √ 2 g + 4K − 9(ln 2)^2 16π^2 g^2

+ O( ln g g^3 ) ] . (2.5)

Importantly, result (2.5) agrees with string theory computations [18].

References

[1] G. Korchemsky, Mod. Phys. Lett. A4, 1257 (1989); G. Korchemsky, G. Marchesini, Nucl. Phys.

B406, 225 (1993), hep-ph/9210281.

[2] J.M. Maldacena, Adv. Theor. Math. Phys. 2, 231 (1998), hep-th/9711200; S. Gubser, I. Klebanov, A. Polyakov, Phys. Lett. B428, 105 (1998), hep-th/9802109; E. Witten, Adv. Theor. Math. Phys. 2, 253 (1998), hep-th/9802150.

[3] L. Lipatov, hep-th/9311037; L. Faddeev, G. Korchemsky, Phys. Lett. B342, 311-322 (1995), hep-th/9404173.

[4] L. Lipatov, ’Evolution equations in QCD’, ICTP Conference On Perspectives In Hadronic Physics, 1997; V. Braun, S. Derkachov, A. Manashov, Phys. Rev. Lett. 81, 2020 (1998), hep-ph/9805225; V. Braun, S. Derkachov, G. Korchemsky, A. Manashov, Nucl. Phys. B553, 355 (1999), hep-ph/9902375; A. Belitsky, Phys. Lett. B453, 59 (1999), hep-ph/9902361; A. Belitsky, Nucl. Phys. B558, 259 (1999), hep-ph/9903512; A. Belitsky, Nucl. Phys. B574, 407 (2000), hep-ph/9907420.

[5] J. Minahan, K. Zarembo, JHEP 03, 013 (2003), hep-th/0212208.

[6] N. Beisert, M. Staudacher, Nucl. Phys. B670, 439 (2003), hep-th/0307042; V. Kazakov, A. Marshakov, J. Minahan, K. Zarembo, JHEP 05, 024 (2005), hep-th/0402207; G. Arutyunov, S. Frolov, M. Staudacher, JHEP 10, 016 (2004), hep-th/0406256; M. Staudacher, JHEP 05, 054 (2005), hep-th/0412188; N. Beisert, V. Kazakov, K. Sakai, K. Zarembo, Commun. Math. Phys. 263, 659 (2006), hep-th/0502226; N. Beisert, M. Staudacher, Nucl. Phys. B727, 1 (2005), hep-th/0504190.

[7] N. Beisert, B. Eden, M. Staudacher, J. Stat. Mech. 01, P021 (2007), hep-th/0610251.

[8] J. Ambjorn, R. Janik, C. Kristjansen, Nucl. Phys. B736, 288 (2006), hep-th/0510171; A. Kotikov, L. Lipatov, A. Rej, M. Staudacher, V. Velizhanin, J. Stat. Mech. 10, P003 (2007), arXiv:0704.3586 [hep-th].

[9] D. Bombardelli, D. Fioravanti and R. Tateo, J. Phys. A 42, 375401 (2009), arXiv:0902.3930 [hepth]; N. Gromov, V. Kazakov, A. Kozak and P. Vieira, Lett. Math. Phys. 91, 265 (2010), cf. also arXiv:0902.4458 [hep-th]; G. Arutyunov and S. Frolov, JHEP 05, 068 (2009), arXiv:0903.0141 [hepth]; D. Bombardelli, D. Fioravanti and R. Tateo, Nucl. Phys. B834, 543 (2010), arXiv:0912.4715 [hep-th]; N. Gromov and F. Levkovich-Maslyuk, JHEP 06, 88 (2010), arXiv:0912.4911 [hep-th]; A. Cavaglià, D. Fioravanti, R. Tateo, Nucl. Phys. B843, 302 (2011), arXiv:1005.3016 [hep-th].

[10] A. Belitsky, A. Gorsky, G. Korchemsky, Nucl. Phys. B748, 24 (2006), hep-th/0601112; A. Belitsky, G. Korchemsky, R. Pasechnik, Nucl. Phys. B809, 244 (2009), arXiv:0806.3657 [hep-ph].

[11] Z. Bajnok, R. Janik, T. Lukowski, Nucl. Phys. B816, 376 (2009), arXiv:0811.4448 [hep-th]; T.

Lukowski, A. Rej, V. Velizhanin, Nucl. Phys. B831, 105 (2010), arXiv:0912.1624 [hep-th]; V. Velizhanin, JHEP 11, 129 (2010), arXiv:1003.4717 [hep-th].

[12] D. Bombardelli, D. Fioravanti, M. Rossi, Nucl. Phys. B810, 460 (2009), arXiv:0802.0027 [hep-th].

[13] D. Fioravanti, G. Infusino, M. Rossi, Nucl. Phys. B822, 467 (2009), arXiv:0901.3147 [hep-th]; D.

Fioravanti, M. Rossi, Adv. High Energy Phys. 2010, 61413 (2010), arXiv:1004.1081 [hep-th].

[14] B. Eden, M. Staudacher, J. Stat. Mech. 11, P014 (2006), hep-th/0603157.

[15] P.Y. Casteill, C. Kristjansen, Nucl. Phys. B785, 1 (2007), arXiv:0705.0890 [hep-th]; B. Basso, G.

Korchemsky, J. Kotanski, Phys. Rev. Lett. 100, 091601 (2008), arXiv:0708.3933 [hep-th].

[16] D. Fioravanti, P. Grinza, M. Rossi, Phys. Lett. B675, 137 (2009), arXiv:0901.3161 [hep-th].

[17] L. Freyhult, S. Zieme, Phys. Rev. D 79, 105009 (2009), arXiv:0901.2749 [hep-th].

[18] M. Beccaria, V. Forini, A. Tirziu, A. Tseytlin, Nucl. Phys. B812, 144 (2009), arXiv:0809.5243 [hep-th].