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1) Purpose of the visit

One of the main purposes of the visit, as explained in the project plan, was to discuss and interact with the participants of the workshop "Finite-size Technology in Low Dimensional Quantum System (VII)", held at the Eotvos Lorand University in Budapest from 16 to 17 June 2014, and the related conference "Integrability in Low Dimensional Quantum Systems", held in Tihany from 30 June to 4 July (see the web pages www.rmki.kfki.hu/~bajnok/FST14/ and www.rmki.kfki.hu/~bajnok/FSTB14, respectively, for details). In particular, this was a great chance to exchange ideas with many international experts, and among them the local organizers and members of the Theory Group at the Wigner Research Centre, about finite-size methods in integrable models, especially on my project about the Luescher-like approach to calculate the 8-loop and higher orders spectrum of the Konishi operator anomalous dimension in N=4 Super-Yang Mills (SYM). On the other hand, I was invited by my host Prof. Bajnok to give a talk at the aforementioned conference.
2) Description of the work carried out during the visit

I gave a talk at the conference "Integrability in Low Dimensional Quantum Systems" on July first with title "A next-to-leading Luescher formula for AdS/CFT", on my latest paper JHEP 1401 (2014) 037 and some work in progress done in collaboration with N. Vernazza from the University of Bologna. 

During the previous week I enjoyed discussions, for instance, with Prof. Nepomechie from the University of Miami, who expressed his interest in a particular issue I am currently addressing in my project, that is the calculation of eigenvalues and eigenvectors of the S-matrices describing the scattering processes between generic bound-states of the so-called mirror theory for AdS/CFT. He also suggested me that, at least at the leading order in the weak coupling limit, that is the case I am currently interested in, such eigenvalues should be known thanks to a work of Beisert and Staudacher on the N=4 SYM spin chain model (hep-th/0307042). Indeed, a formula for generic spin representations is given in their paper and could be useful for my analysis. 

Moreover, Mr. Frassek explained to me the first steps (Young tableaux and representation theory for super-algebras) necessary to use it. With him I discussed also about the possibility to connect the Thermodynamic Bethe Ansatz (TBA) describing scattering amplitudes in SYM at strong coupling and the Bethe Ansatz for Yangian invariants, on which he worked recently about, which fixes such amplitudes at weak coupling. 

About my project, I got also the interest of Prof. Janik from the Jagellonian University, who suggested me to look also at the possibility to formulate the so-called mu-term at the next-to-leading order, that at strong coupling could be compared with string results derived by Arutyunov-Frolov-Zamaklar in hep-th/0606126, on which I was not aware. Then I started the computation of such terms as residues of my NLO F-term formulas: such calculations are still ongoing but promising a non-trivial check of my approach at the classical level.

With the host Prof. Bajnok I had a clarifying discussion on the various notations used in the AdS/CFT S-matrix framework, establishing finally those I need to use in my calculations. After attending my talk, he suggested also to look at the problem of deriving the formulas, that I just conjectured in my paper, for the finite-size corrections of the particle momenta, in an alternative way w.r.t. the usual excited states TBA method. In particular, he suggested to add a momenta-dependent term in the free energy expression that, following a saddle point evaluation, could give the expected terms by imposing a minimization principle in terms of the momenta. We also tried such derivation, by looking at the possible modifications, neglected in my approach, of the mirror theory Bethe equations: at the moment it turned out to be unsuccessful, but it will deserve a deeper investigation in the next future. Another very useful suggestion of his was, in order to avoid the formidable task of an analytical evaluation of all the eigenvalues and eigenvectors, to focus instead only on a very precise numerical evaluation of the terms I am calculating: this anyway will allow the derivation of a final analytical result by fitting the numerics against combinations of Zeta-functions, that are known to be the building blocks of the expected result. We discussed also about a possible resolution, from an integrability point of view, of the L=2 divergence of the anomalous dimension in the vacuum of the so-called gamma_i deformed AdS/CFT.

With another participant, Dr. Trombettoni from SISSA, Trieste, I had interesting discussions about the several relations between the integrable model describing the anomalous dimensions/energies spectra in AdS/CFT and a condensed matter model on which he is an expert: the Hubbard model. On the basis of those intriguing relations and exploiting the expertise of Dr. Trombettoni, it would be interesting to try to build up a system of two coupled inhomogeneous Hubbard models that could mimic the Bethe Equations and TBA/Y-system of AdS/CFT. Probably this would be not so useful in order to do calculations that can be already done by using the aforementioned integrability tools, however, by knowing the exact Hamiltonian of the model could be very useful to have a complete understanding of the AdS/CFT spectral problem microscopic description and of the reason why it is integrable. On this and other related points we started to have literature and expertises exchanges, that will continue in future visits beween our Institutions and hopefully a new collaboration.  

     
   
3) Description of the main results obtained



During the time left by seminars and discussions, I went ahead with my project by getting finally the important result of a all-coupling expression for the highest transcendentality terms in the Konishi operator anomalous dimension. This expression matches perfectly that previously derived by Leurent and Volin in arXiv:1302.1135 [hep-th] using the so-called FiNLIE. I managed to derive it just by using the generalized Luescher formula for AdS/CFT at leading order in the large volume limit (that is the single-wrapping contribution) and the all-coupling S-matrix. 

I also completed the calculation of the single-wrapping term at various loop orders, including 8-loop, getting numerical results matching those by Bajnok and Janik for the orders lower than 8, also thanks to the clarifications about notations made by Bajnok in our discussions. Thanks to those discussions, I also managed to calculate the contribution of the fundamental mirror particles to the double-wrapping expression, that already gives a big part of the final expected result, since the contributions of higher mirror bound-states are more and more suppressed. Moreover, Prof. Bajnok had a very important remark, that warned me that I was missing a piece in my calculations, given by the corrections of momenta involved in the S-matrix of the single-wrapping term: the first appearance of this contribution is exactly at 8-loop order.

Finally, I started the evaluation of the mu-terms possibly appearing at strong coupling in the simple case of the so-called giant magnon solution, following the suggestion of Prof. Janik. This involves basically the evaluation of residues in my double-wrapping formulas, corresponding to the bound-states formed by real and virtual (or mirror) string excitations. Unfortunately this kind of calculation turned out be more involved than expected, due to the several  contribution one has to take into account at the next-to-leading order; for the moment the most important contribution at leading order at strong coupling seems to come from the mirror bound-state involving two fundamental mirror excitations. Anyway, also this check deserves  deeper investigations, and it could definitively find space in the projected publication.     

4) Future collaboration with host institution (if applicable)


I will continue to have correspondence and exchanges with Prof. Bajnok for sure on the subject of this project; moreover, possible exchanges of ideas and collaborations could occur on the derivation of finite-size corrections for the momenta of the excitations in generic integrable models and the problem of the vacuum spectrum divergence in the non-conformal case of the gamma_i deformed AdS/CFT, recently addressed and solved form the diagrammatic point of view by C. Sieg and collaborators. Finally, it would be interesting to interact about finite-size corrections occurring in the form factors expansion of strong coupling correlation functions, recently addressed by Bajnok, Janik and Wereszczynski.    
5) Projected publications / articles resulting or to result from the grant (ESF must be acknowledged in publications resulting from the grantee’s work in relation with the grant)

The results and discussions will be contained and acknowledged for sure in my next publication in collaboration with N. Vernazza from Bologna University, on the calculation of the Konishi spectrum at 8-loop (and hopefully beyond) by using my S-matrix-based approach, that could be a semi-analytical check of the results obtained by Leurent and Volin by using the FiNLIE/Quantum Spectral Curve methods (arXiv:1302.1135 [hep-th] and unpublished). Moreover, this publication will contain various checks at strong coupling for the simple case of the giant magnon, for example, both at classical and 1-loop level, and the all-loop result for the highest transcendentality term.

Future publications on possible projects started from discussion during this visit will also acknowledge the ESF grant.

6) Other comments (if any)


