
The experiments at the LHC opened a new era in high-energy physics. The expected discovery of the Higgs boson will be a great triumph of the Standard Model (SM). The observation of different effects of physics beyond the SM (“new physics”) is expected also in the nearest future. However, the predicted processes with the new particles involved can have the signature similar to that of the SM processes which are background processes. To perform the precise measurements of corresponding cross sections of new particles (and, of course, the Higgs particles cross sections) the detailed predictions of SM background are needed. 


At the LHC energies, QCD is believed to be correctly approximated by BFKL or CCFM evolution equations and therefore the cross sections should be calculated using the so-called kt-factorization QCD approach, where off-shell (depending on the incoming partonic transverse momenta kt) matrix elements are convoluted with the kt-dependent (unintegrated) parton densities. Main advantage of such approach is that each emitted gluon is assumed to take a large fraction of the energy of the propagating gluon and large logarithms of 1/x are summed up to all orders. The group of SINP MSU scientists (N.P. Zotov, A.V. Lipatov, M.A. Malyshev and co-authors) performs the development of the kt-factorization approach and its phenomenological applications to the different processes. In particular, it was applied to the prompt photon, electroweak boson, heavy quark and quarkonium production at the HERA, LEP2 and Tevatron conditions. In the framework of present research program it is planned to continue these investigations and extend them to the LHC and ILC.


So, it is planned the studying the isolated prompt photon production processes. Events with an isolated photon are an important tool to investigate hard interaction processes since such photons emerge without the hadronization phase. Good understanding of the production dynamics is also important for searches of new particles decaying to photons at the LHC conditions, the 
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 decay being the classical example. First applications of the kt-factorization approach to the photo-, lepto- and hadroproduction of prompt photons have been performed by MSU group (. It was found that the kt-factorization predictions are in better agreement with the measurements than the NLO pQCD ones. The obtained numerical results were used by the H1 and ZEUS collaborations to analyze their recent experimental data. In the framework of present research program the further studying of prompt photon production at high energies is planned. In particular, it is planned to extend the developed formalism to LHC and ILC energies and study the more exclusive final states (like photon + jet). These processes are more directly sensitive to the underlying QCD process than inclusive photon events.


The next subject of planned studies which is closely related to the prompt photon and W/Z production is the Drell-Yan pair production. Accurate calculations of these benchmark processes are an essential component for the LHC discovery program. In particular, it will give possibility to study the parton evolution dynamics at extremely low x values, up to 
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. The Drell-Yan processes can be used to monitor the parton luminosity at the LHC and they are also background processes for searching of effects of new physics.


The very interesting subjects of studies is also the heavy (charm and beauty) quark production and, especially, the top production in high energy hadron collisions. The SM predicts that pp collisions should also produce single top quarks through EW interactions. Observation of single-top production at the Tevatron has been one of the most significant events in high energy physics in recent years. Studying single top quark production provides information on the CKM matrix element |Vtb |, the top quark polarization, and probes possible new physics in the top quark sector. Such investigations are specially included into the proposed research program. It is necessary to mention the crucial role of t-quark in searches for a new physics. Indeed, the parameters of interaction of new particles with the SM fermions are predicted to be proportional to the masses of the fermions. The t-quark is the heaviest one, that is why processes with t-quark and new particles are the most probable.


One of the most intriguing problem of modern high energy physics is connected with the heavy quarkoniums (J/Ψ, Upsilon) production at high energies. The puzzling history traces back to the early 1990s, when the measurements of the J/Ψ and Upsilon hadroproduction cross sections revealed a more than one order-of-magnitude discrepancy with theoretical expectations. This fact has induced extensive theoretical activity. In particular, it was suggested to add an additional transition mechanism from QQ pairs to quarkoniums, the color octet (CO) model, where a quark pair is produced in a color octet state and transforms into the final color singlet (CS) state by the help of very soft gluon radiation. The CO model is based on the general principle of the non-relativistic QCD factorization (NRQCD). By adding the contribution from the CO model and fitting the free parameters one was able to describe the existing data on the J/Ψ production at the Tevatron. However, in recent years, we have seen a lot of difficulties of the CO model. The first and the most disturbing is the fact that the fit with the CO model gives values of wave functions at the origin which does not support the NRQCD hierarchy. There are also some another indications that CO model does not work well. For example, to describe the J/Ψ photoproduction data at HERA (namely, z-distributions) the contribution from the CO mechanism is unnecessary or even unwanted since the experimental results can be reproduced well within the CS model alone (if the NLO contributions are taken into account). Another difficulty refers to the quarkonium spin alignment: the produced mesons must have strong transverse polarization in CO model. This is in disagreement with the data which point to unpolarized or even longitudinally polarized mesons. In the papers by MSU scientists (A.V. Lipatov, N.P. Zotov and S.P. Baranov) the kt-factorization approach has been applied to the heavy quarkonium production at the HERA and Tevatron energies. It was demonstrated that the kt-factorization predictions supplemented with the CS model agree well with the data. The accounting of the CO contributions in the framework of kt-factorization was done by S.P. Baranov and N.P. Zotov, and it was shown that in order to decribe the data the values of non-perturbative CO matrix elements should be reduced by approximately 50 times. This observation, of course, violates again the NRQCD hierarchy of octet contributions. It is important also that the kt-factorization predicts the longitudinal polarization of J/Ψ and Upsilon mesons at high transverse momenta. The study of polarization properties of produced heavy quarkoniums is expected to be important in discriminating the different theoretical approaches. However, the problem is still open and this fact is demonstrated by the D0 and CDF experimental data. The studying of J/Ψ and Upsilon polarization properties in proton-proton interactions is included also into the experimental program of the ATLAS and CMS collaborations at LHC. Further detailed theoretical investigation of heavy quarkonium production will take an important part in the present research program.

To summarize, in the framework of proposed research the processes of forward physics will be investigated in detail and the precise predictions will be obtained. These predictions will provide a great feedback to the further LHC experiments.
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