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We plan to perform the Project in close cooperation with members of theory divisions of several research centers: CERN (Geneva, Switzerland), DESY (Hamburg, Germany), JLab (Newport News, USA), Hamburg University (Hamburg, Germany), Turin University (Torino, Italy), University Santiago de Compostela (Galicia, Spain), SPbNPI (S.Petersburg, Russia), ITEP (Moscow, Russia) and the CTEQ Collaboration (USA). Proposed data analyses will be performed in cooperation with corresponding experimental collaborations: CLAS (JLab), H1 and HERMES (DESY), ALICE and COMPASS (CERN).

DURATION:   3 years 
Estimated Project Costs (± 20%) 
Estimated total cost of the project (US $)  --  99500
Including:
	Payments to Individual Participants
	89000

	Equipment
	3500

	Materials
	0

	Other Direct Costs
	0

	Travel
	7000


The Problem:
In the present Project, we propose to continue our investigation of the structure of hadronic matter and nuclear systems, as well as their production and disintegration mechanisms in the framework of Quantum ChromoDynamics (QCD) and related phenomenological models. Our main attention is devoted to theoretical studies of the spin effects and polarization phenomena in the seven fields of hadron and nuclear physics. In particular, we plan to calculate the next-to-leading order radiative corrections to the azimuthal asymmetries in heavy quark leptoproduction within perturbative QCD. Our obtained predictions will make it possible to investigate the perturbative stability of the QCD predictions and estimate the heavy-quark content of the proton. Helicity amplitudes of the electroexcitation of nucleon resonances, recently extracted from CLAS (JLab) data, will be investigated using the light-cone relativistic quark model (LCRQM). This analysis is important for correct interpretation of the future CLAS12 data. Recent JLab CLAS E-07-009 experimental data on the photoproduction off nuclear 
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 states. Incoming CLAS  g13 data on the beam spin asymmetry in the deuteron disintegration by linearly polarized photons will be studied within QCD-inspired approaches: the Hard-Rescattering Mechanism and Quark-Gluon String Model (QGSM). Comparative analysis of the nuclear effects in open and hidden charm production in ion-ion collisions within the Glauber-Gribov theory and lattice models will make it possible to optimize forthcoming search for the Quark-Gluon Plasma in the ALICE experiment at Large Hadron Collider.  Spin-dependent effects in the strange baryon production in hadron-hadron and hadron-nucleus interactions will be studied within the QGSM. Spin- dependent Fracture Functions will be classified and used for description of the polarized SIDIS in the Target Fragmentation Region. Our obtained theoretical results will be used for phenomenological analyses of available data as well as at planning and optimization of future experiments at TJNAF, BNL and CERN.

Objectives:
General topic of our activity is investigation of the structure of hadronic matter and nuclear systems, as well as their production and disintegration mechanisms in the framework of Quantum ChromoDynamics (QCD) and related phenomenological models. During last years, our group was mainly concentrated on theoretical studies of the spin-dependent characteristics of the light, strange and heavy flavor production in photon-hadron, lepton-hadron, hadron-hadron, hadron-nucleus and nucleus-nucleus collisions. Our obtained theoretical results are used for phenomenological analyses of available data as well as for planning and optimization of incoming and future experiments at TJNAF, SLAC, BNL, DESY and CERN. In the present Project, we propose to continue our investigation of the structure of hadronic matter and nuclear systems in the framework of QCD and related phenomenological models. Our attention will be devoted to theoretical studies of the spin effects and polarization phenomena in the seven fields of hadron and nuclear physics.
Task 1:   NLO QCD Corrections to the Azimuthal Asymmetries in Leptoproduction of Heavy Flavors
	(
	Task description and main milestones
	Participating Institutions

	1.1  (first year)
	Calculations of the NLO virtual contributions to the photon-gluon fusion process: 
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	ANL, Hamburg University

	1.2  (second year)
	Calculations of the NLO reactions with the real gluon emission, 
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	ANL, Hamburg University

	1.3 (third year)
	NLO analysis of the available date on the azimuthal asymmetries (AA) in DIS for light hadrons; NLO predictions for the AA in leptoproduction of heavy flavors
	ANL, CTEQ Collaboration, H1 Collaboration

	Description of deliverables

	3 Papers


Task 2:   Electroexcitation of Nucleon Resonances
	(
	Task description and main milestones
	Participating Institutions

	2.1  (first year)
	Analysis of the present status of resonance physics at JLab, preparation of invited reviews for CLAS Collaboration
	ANL, JLab, CLAS Collaboration

	2.2  (second year)
	Investigation of the electroexcitation of nucleon resonances in the light-cone relativistic quark model
	ANL, JLab, CLAS Collaboration

	2.3 (third year)
	Extraction of the electroexcitation amplitudes for nucleon resonances from the recent CLAS-JLab data
	ANL, JLab, CLAS Collaboration

	Description of deliverables

	3 Papers


Task 3:   Search for Exotic States in Photoproduction Experiments with Nuclear Target
	(
	Task description and main milestones
	Participating Institutions

	3.1  (first 1.5 years)
	Extraction of coherent events in the photo-production of 
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 systems on the 
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 target from the JLab CLAS E-07-009 data
	ANL, JLab, CLAS Collaboration

	3.2  (second 1.5 years)
	Phase analysis of the extracted data; search for exotic states with 
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	ANL, JLab, CLAS Collaboration

	Description of deliverables

	2 Papers


Task 4:   Disintegration of Light Nuclei by Linearly Polarized Photons
	(
	Task description and main milestones
	Participating Institutions

	4.1  (first 1.5 years)
	Extraction of the azimuthal asymmetry in deuteron photodisintegration process from CLAS g13 data
	ANL, JLab, CLAS Collaboration

	4.2  (second 1.5  years)
	Description of the extracted data on the asymmet-ry in 
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 within the QGSM and HRM
	ANL, JLab, ITEP

	Description of deliverables

	2 Papers


Task 5:   Nuclear Medium Effects in Heavy Ion Collisions at LHC Energies
	(
	Task description and main milestones
	Participating Institutions

	5.1  (first year)
	Improvement of the model [92] for nuclear effects in heavy ion collisions, calculation of the  open charm (
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	ANL, CERN, ITEP

	5.2  (second year)
	Comparative analysis of the low-mass (
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) resonances production in Pb-Pb collisions within the model [92]
	ANL, CERN, ITEP

	5.3 (third year)
	Development of the Monte-Carlo codes simulating distortions of the mass and width of  heavy and light  mesons in dense and hot medium
	ANL,CERN, ALICE Collaboration

	Description of deliverables

	4 Papers


Task 6:   String Junction, Nucleon Spin Problem, and Quark-Gluon String Model
	(
	Task description and main milestones
	Participating Institutions

	6.1  (first year)
	Analysis of the available data on the baryon-antiba-ryon asymmetry in strange baryon production on nuclei within the QGSM; determination of the string junction distribution functions in nuclei 
	ANL, SPbNPI, University Santiago de Compostela

	6.2  (second year)
	Improvement of the QGSM, inclusion of the spin vari-ables, classification and parameterization of the spin-dependent distribution and fragmentation functions within the QGSM
	ANL, SPbNPI, ITEP

	6.3 (third year)
	Studies of correlations between the baryon number propagation and spin transfer within the QGSM at BNL kinematics; estimations of possible string junction contribution to the nucleon spin
	ANL, ITEP, University Santiago de Compostela

	Description of deliverables

	3 Papers


Task 7:   Spin Asymmetries and Fracture Functions in SIDIS and Drell-Yan Processes
	(
	Task description and main milestones
	Participating Institutions

	7.1  (first year)
	Provision of theoretical predictions for the single and double spin asymmetries in the light and strange hadron production for the kinematics of CLAS12 and COMPASS experiments
	ANL, Turin University, COMPASS Collaboration, HERMES Collaboration

	7.2  (second year)
	Performance of full classification and paramete-rization of the spin-dependent leading twist Fracture Functions
	ANL, Turin University

	7.3 (third year)
	Provision of theoretical predictions for the one- and two-particle production in polarized SIDIS and Drell-Yan processes in the target fragmentation region at CLAS12, COMPASS and BNL energies
	ANL, Turin University, CLAS Collaboration, COMPASS Colla-boration

	Description of deliverables

	4 Papers


Impact:
Members of our group (I. G. Aznauryan, N. Ya. Ivanov and  A. M. Kotzinian) made key contributions to preparation of the following research projects approved by TJNAF PACs (for details, see http://www.jlab.org/exp_prog/proposals and http://www.jlab.org/Hall-B/general/clas_approved_analyses.htm ): 

· "Measurement of the Beam Spin Asymmetry in the Deuteron Disintegration by Linearly Polarized Photons at 
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 GeV", LOI-06-101. 

· "Meson spectroscopy in the coherent production on 
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 with CLAS", E-07-009. 

· "Determination of the Azimuthal Asymmetry in Deuteron Disintegration by Linearly Polarized Photons at 
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 GeV", CAA-NP07-01.

· "Nucleon Resonance Studies with CLAS12 in the Transition from Soft to Partonic Physics", PR-09-003.

· "Semi-inclusive Pion Production with Longitudinally Polarized Target at 12 Gev", LOI12-06-109.

· "Probing the Proton's Quark Dynamics in Semi-Inclusive Pion Production at 12 GeV", PR12-06-112.

· "Studies of Spin-orbit Correlations with Longitudinally Polarized Target", PR12-07-107.

· "Lambda Polarization in the Target Fragmentation Region", LOI12-07-101. 
Realization of the present Project will first provide the theoretical backgrounds for the approved investigations. Our expected results will make it possible to interpret correctly the incoming JLab data as well as to optimize future CLAS12 studies. 
Apart from JLab facility, our anticipated theoretical results will be used for phenomenological analyses of available data as well as for planning and optimization of incoming and future experiments at BNL, DESY and CERN.
Detailed description of new knowledge that will provide our proposed studies is presented in the above research projects approved by TJNAF PACs. A brief description of the perspectives can be found below, in the section “Technical Approach and Methodology”.
Basic Achievements of the Group for Last Three Years

During last years, our group has mainly concentrated on theoretical studies of the spin-dependent effects in the five fields of hadron physics. Our investigation of spin-dependent characteristics of heavy flavor photo- and leptoproduction [1-3] was performed in the framework of perturbative and nonperturbative QCD. Helicity amplitudes of electroexcitation of nucleon resonances were studied in Refs.[4-10] within several approaches, including those motivated by QCD: Dispersion Relation (DR), Unitary Isobar Model (UIM) (also known as MAID), Light-Front (LF) dynamics and Single-Quark Transition Model (SQTM). Phenomenological analysis of the strange baryon production in hadron-hadron and hadron-nucleus interactions [11-13] was performed within the Quark-Gluon String Model (QGSM). A wide set of theoretical approaches, from pQCD to D-brane physics, is used in study of the Quark-Gluon Plasma in heavy ion collisions [14-27]. Main tools in our investigation of the Single Spin Asymmetries (SSA) in Semi-Inclusive Deep Inelastic Scattering (SIDIS) [28-43] are the nonperturbative Cahn, Sivers and Collins mechanisms.  Very briefly, main advances of the group can be formulated as follows.

1.  Perturbative and parametric stability of the QCD predictions for the Callan-Gross ratio 
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 in heavy quark leptoproduction was demonstrated in Ref. [1]. 

2.  Resummation of the mass logarithms of the type  
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 in DIS was performed in [2]. 

3.  It was shown in Ref. [3] that the charm density in the proton can, in principle, be determined from high-
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 data on the azimuthal cos(2() asymmetry and the Callan-Gross ratio 
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 in heavy flavor leptoproduction. 

4.  Essential improvement of the standard Dispersion Relation approach and the Unitary Isobar Model was proposed that made it possible to describe the entire set of available CLAS data on electroexcitation of nucleon resonances [7-8].
5.  Strong evidence was found in favor of the point of view that the Roper resonance N(1440)P
[image: image26.wmf]11

 is predominantly first radial excitation of the 3q ground state [5]. Consideration of N(1440)P
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 as a gluonic baryon excitation was clearly ruled out.

6.   It is demonstrated in [11,12] that the available data on the baryon-antibaryon asymmetry in hadro-production can be well described in terms of the string junction propagation in rapidity space wihin the Quark-Gluon String Model .

7.  In Refs. [28,29], the Sivers effect for pion and kaon production in SIDIS was considered. Using recent HERMES and COMPASS data, the Sivers distribution functions for u, d and s quarks were determined.
During this period, our group has published more than 40 papers.

List of our publications over the period 2008-2010
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Brief survey of the worldwide researches made on the project topic
Main Toolkit:   From the theoretical point of view, our main toolkit- spin is a fundamental conceptual notion which is defined using only the Lorentz symmetry and quantum mechanics. In other words, spin can be considered even outside the framework of a quantum field theory (QFT). For this reason, the notion of spin can serve as a very general organizing principle for construction of the extensions of traditional QFT that have been suggested, including extra dimensions, strings and M-theory. 

From the phenomenological point of view, spin is an unique, powerful and elegant tool in quantum physics. Spin does not only describe one of the most fundamental internal properties of elementary particles (their symmetry behavior under space-time transformations), it also determines, in many respects, some of their external degrees of freedom (couplings). For example, the two helicity states of a quark equally couple to a gluon but may have different electroweak interactions. Investigation of polarization phenomena and spin observables may therefore provide key insights into the internal structure of hadrons and their interactions. 

As to the nuclear physics, nucleons (protons and neutrons) are the building blocks of atomic nuclei and, for this reason, their spin characteristics play a crucial role in determining the properties of nuclear systems.

Motivation:   Common experimental motivation for our proposal are intensive worldwide studies in the field of spin physics. Main stages of these investigations are: outgoing HERMES (DESY) and SMC (CERN) projects, ongoing COMPASS (CERN), RHIC-Spin (BNL) and CLAS (JLab) studies, incoming LHC (CERN) and CEBAF12 (JLab) facilities, as well as future LHeC, EIC and eRHIC colliders at CERN, JLab and BNL, correspondingly. 

Although the LHC will not have polarized beams, the most (and main) part of its research programme in the 
[image: image42.wmf]pp

 mode is in fact the spin physics. Indeed, main physics issues at the LHC (addressed by the ATLAS and CMS collaborations) will be: 1) experimental clarification of the Higgs sector of electroweak theory, 2) search for new physics at the weak scale, and 3) identification of particle(s) that could provide the dark matter in the Universe [44]. The spin content of these issues is as follows [45]. Search for spin 0 particles could find the Higgs-like bosons, dilatons (e.g., in string theories), scalar leptoquarks, and sfermions (scalar superpartners [46]). Spin 1/2 states beyond the SM could be due to right-handed neutrinos, techniquarks from dynamical (strong) symmetry breaking models [47], or X-inos (fermionic superpartners other than gravitinos). Spin 1 states at the TeV scale could be extra 
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 bosons or vector leptoquarks from Grand Unified Theories (GUTs) [48,49]. Spin 2 particles are the graviton (predicted by string [50] and M-theory [51]) and its Kaluza-Klein excitations (in models with extra dimensions [52,53]). Spin 3/2 states would point to the gravitino of supersymmetry or supergravity [54]. 

Moreover, many of spin effects in the "old" (hadronic) and new (beyond SM) physics are closely related to each other. For instance, in many supersymmetric models, the lightest supersymmetric particle (LSP) 
[image: image45.wmf]c

 is stable, and a suitable candidate for astrophysical dark matter [55,56]. One of the strategies to search for LSP dark matter includes looking for energetic neutrinos produced by 
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 annihilations inside the core of the Sun or Earth. The rate for solar annihilations is generally controlled by the capture rate, which is largely due to 
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 energy loss during scattering on protons inside the Sun: 
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. This scattering is in turn dominated by spin-dependent interactions that are sensitive to axial-current matrix elements related to the magnitude of 
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 [57], the net strange quark contribution to the nucleon spin (for more details, see Ref. [58]). So, our developing understanding of nucleon spin must eventually clarify the nature of dark matter. Another examples of close interlacement of spin phenomena in new and "old" (known) physics are presented in Refs. [59,60]. 

Conclusions:   First, spin and polarization effects are integral parts of the experimental toolkit for both new and "old" physics. Second, we should investigate in detail the Standard Model (including the spin phenomena in the QCD sector) in order to search and probe efficiently beyond it. 
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Technical Approach and Methodology
(Some Details of Our Proposed Work: Goals, Methods and Anticipated Results)
NLO QCD Corrections to the Azimuthal Asymmetries in Leptoproduction of Heavy Flavors:     Our recent results [1,2] promise a clean experimental way to measure the heavy-quark content of the proton using the Callan-Gross ratio 
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 in DIS. The approach is based on two following observations. First, the quantity 
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 in heavy-quark leptoproduction is perturbatively stable within the fixed-flavor-number scheme. Second, the Callan-Gross ratio is sensitive to resummation of the mass logarithms of the type  
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 within the variable-flavor-number schemes [61]. In the present Project, we propose to continue the theoretical investigation of perturbatively stable observables and calculate the next-to-leading order (NLO), 
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, radiative corrections to the azimuthal 
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  asymmetries (AAs) in heavy-quark leptoproduction. 

Contrary to the cross sections [62,63], the spin-dependent characteristics of heavy-flavor production are not yet sufficiently studied. In fact, exact NLO predictions are available only for the heavy-quark photoproduction with longitudinally polarized initial states [64]. There are also the NLO results [65] for the heavy-quark contribution to the spin-dependent structure function, 
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, obtained in the asymptotic regime 
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. As to the azimuthal asymmetries, explicit analytic predictions for the radiative corrections are not available up to now, even for the case of massless quarks, 
[image: image58.wmf]0

m

®

.
On the other hand, the AAs are very important in investigation of mechanisms responsible for heavy-flavor production. In particular, measurements of the AA in heavy-quark photoproduction can provide crucial test of applicability of the conventional parton model based on pQCD [66]. Likewise, azimuthal asymmetries in DIS may be good probe of the heavy-quark distributions in the proton [67]. For this reason, we would like to improve the theoretical situation and calculate the AAs for the process  
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The methods of the NLO computations are well-known [63]. First, we should calculate the virtual contributions to the photon-gluon fusion process: 
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. Then, we should calculate the corresponding tree-level reaction with real gluon emission, 
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. Finally, the photon-quark fusion component, 
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, should be taken into account.  

With the results for arbitrary quark mass  in hand, we will be able to investigate two very interesting particular cases. The massless predictions will be applied for the NLO analysis of the ZEUS data [68] on the 
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 and 
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 asymmetries.  Putting 
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, we will obtain the NLO predictions for heavy-quark production by linearly polarized photons, 
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. Note that virtual part of corresponding 
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-dependent matrix element can be extracted from Ref. [69] where the analytical one-loop results for heavy quark photoproduction are presented separately for every Feynman graph. These results contain the full spin information, including any polarization of the incoming or outgoing particles, and can be used for testing our computations for 
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Summarizing, realization of this Project will lead to the following new knowledge:

· Numerical NLO predictions for the azimuthal  
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 and 
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asymmetries in heavy quark leptoproduction;

· Analytic NLO predictions for the azimuth-dependent photoproduction;

· Analytic NLO results for the azimuthal asymmetries in leptoproduction at asymptotic values of 
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;

· Explicit NLO results for the azimuth-dependent massless partonic cross sections in DIS;

· Understanding of whether the AAs in DIS can probe effectively the heavy-quark content of the proton.

Electroexcitation of Nucleon Resonances and Relativistic Quark Model:    During the last years Jefferson Lab has developed an extensive program for investigation of nucleon resonances with the high precision electron beam and the CEBAF Large Acceptance Spectrometer (CLAS). Practically full angular coverage of the data and polarization measurements allow to extract the helicity amplitudes of the transitions 
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, thus providing important information for understanding of strong interactions in the domain of quark confinement, and mechanisms and energetic scale of approaching the pQCD asymptotic regime. Recently, a new research proposal, "Nucleon Resonance Studies with CLAS12 in the Transition from Soft to Partonic Physics", has been approved by JLab PAC-34 [70]. According to this proposal, investigation of the electroexcitation of nucleon resonances will be extended to the unexplored domain of 
[image: image73.wmf]2

Q
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. To incorporate future CLAS12 data over broad kinematic range, many of available models should be improved and detailed. In this Project, we plan to extend the applicability region of the light-cone relativistic quark model (LCRQM), developed by Aznauryan with co-authors in Refs. [71]. Previously this model was intensively used for the studies at 
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 (see, for example, [72]). 

Our next point is investigation of the electroexcitation amplitudes for the resonances of so-called third resonance region, N(1620)S
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, within the LCRQM. These amplitudes have been recently extracted from the CLAS data on the cross sections and longitudinally polarized beam asymmetries in the processes 
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 [73,74]. Our proposed analysis is important for correct interpretation of the future CLAS12 data. In particular, our studies will allow to make conclusions on the 
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-evolution of the 3q core contribution to the electroexcitation amplitudes and specify the mechanisms of the transition from soft to partonic regimes in hadron electroproduction.

Search for Exotic States in Photoproduction Experiments with Nuclear Target:    This part of our Project is devoted to the meson spectroscopy and includes an analysis of data recently gathered in the JLab CLAS E-07-009  experiment [75]. The research proposal [75] is based on the investigation by Aznauryan [76] where the author considered the possibilities to study exotic states with 
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 systems on the 
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 target. It was shown in [76] that, in such photo- and electroproduction experiments, there are propitious conditions to search for new meson states, including exotic ones. In particular, the relations between t-channel contributions, which are specific for the case of 
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 target, provide additional constraints for the phase-shift analyses and identification of the production mechanisms. Our goal is to analyze the incoming CLAS E-07-009 experimental data within the approach [76] that will make it possible to study new exotic states with 
[image: image93.wmf]1

PC

J

-+

=

 . Note that proposed analysis seems to be of special interest in view of recent observation of the 
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 spin-exotic meson state in the 
[image: image95.wmf]ppp

--+

 system reported by COMPASS Collaboration [38].

Disintegration of Light Nuclei by Linearly Polarized Photons:   Another joint YerPhI–JLab research proposal, "Measurement of the Beam Spin Asymmetry in the Deuteron Disintegration by Linearly Polarized Photons at 
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 GeV", has been approved by TJNAF PAC-30 and CLAS Collaboration [77]. First experimental results concerning this proposal will be soon available from the g13 experiment. In the present project, we plan to perform the phenomenological analysis of the incoming CLAS data. In particular, the energy behavior and angular distribution of the azimuthal asymmetry (AA) in deuteron photodisintegration, 
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, will be studied within three QCD-inspired approaches: the Reduced Nuclear Amplitudes (RNA) model [78], the Hard-Rescattering Mechanism (HRM) [79] and the Quark-Gluon String Model (QGSM) [80]. 

Main goal of our analysis is to clarify the nature of approximate dimensional scaling, 
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, which is exhibited by the low-energy data on deuteron photodisintegration at large scattering angles [81]. In principle, just such a behavior is predicted by the constituent counting rules (CCR) [82]. On the other hand, such a scaling can be justified (within a QFT
) only in the high-energy limit, 
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. For this reason, it seems naive to expect that the CCR will hold in the few-GeV region. Surprising behavior of the cross section of the deuteron disintegration [81] (as well as the charged-pion photoproduction [85]) at low energies, 
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 GeV, provides a strong motivation for further investigation of scaling laws and spin effects in photonuclear reactions. Our proposed analysis would 

· provide new spin-dependent information on the underlying mechanism of the deuteron photodisintegration complementary to the production cross section and recoil-proton polarizations; 

· improve our understanding of the role and region of applicability of pQCD at low and intermediate energies; 

· provide stringent constraints on the nonperturbative QCD-based models of photonuclear reactions. 

Nuclear Medium Effects in Heavy Ion Collisions at LHC Energies:   With the start of the Large Hadron Collider (LHC) operation at CERN and progressing analysis of the growing data samples, investigations of the high-energy behavior of hadronic interactions and nuclear effects will become quickly a more and more important task. Among the approaches proposed to describe the high-energy cross sections at large and short distances are: the soft and hard (BFKL [86]) Pomerons, 
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-factorization (or semihard theory) [87], Color Glass Condensate [88], Balitsky-Kovchegov equation [89] and recent calculations [90] based on the N=4 SYM (supersymmetric Yang-Mills) theory with gauge/string duality [84]. Unfortunately, available data do not allow us to distinguish between different proposed mechanisms that leads to sizeable uncertainties in theoretical predictions for the cross sections at LHC energies (for a review see Ref.[91]). For this reason, theoretical predictions for the nuclear effects in heavy ion collisions are usually presented in normalized form, like 
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In Ref. [92], a model for energy dependence of nuclear effects in charmonium production in heavy ion collisions is proposed. This model is based on the comparison of characteristics of 
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 production at RHIC and SpS, and incorporates both initial and final states effects. In particular, the model includes nuclear shadowing effects, calculated within the Glauber-Gribov theory [93], rapidity- dependent absorptive mechanism, caused by energy-momentum conservation, and dissociation and recombination of the charmonium due to interaction with co-moving matter. 

· In the present project, we plan to generalize the model [92] to the case of open charm (
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 and 
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) production in heavy ion collisions. Comparative analysis of the open and hidden charm production may be important in understanding of the role of the dense nuclear medium in hadron formation, and therefore in search for quark-gluon plasma (QGP) at LHC.
· Also we project to continue our previous studies of the ALICE detector performance [94]. In particular, using the lattice models [95], we will develop the Monte-Carlo codes simulating distortions of the mass and width of the heavy flavored mesons in the dense and hot medium. 

String Junction, Nucleon Spin Problem, and Quark-Gluon String Model:   Our previous studies indicate that the transfer of baryon number in inclusive reactions can be well described in terms of the string junction (SJ) propagation in rapidity space. In particular, the QGSM predictions (taking proper account of the SJ-initiated effects) reasonably agree with the data on the differential cross sections and baryon-antibaryon asymmetry at energies of the fixed target experiments [96]. This implies that the string junction, a formal nonperturbative object originating from the string theory, can, in principle, be associated with the baryon number. Moreover, propagating in rapidity space, the SJ carries a part of the baryon momentum. In this connection, a natural question arises: does the SJ contribute to the nucleon spin? If this is the case, one should experimentally observe strong correlations between the baryon number propagation and the nucleon polarization transfer in the reactions with polarized initial nucleons. This problem seems to be ideal for the experimental spin program now underway at the Relativistic Heavy Ion Collider (RHIC) at NBL [97]. To incorporate future RHIC spin-dependent data over broad kinematic range, many of available approaches should be improved and detailed. 

In the present project, we plan to include the spin-dependent variables into the QGSM. Some steps in this direction were made previously (see, for instance, Refs. [98]) but more efforts are presently necessary.  In particular, the spin-dependent distribution and fragmentation functions should be fully classified and properly parameterized within the QGSM. 

Spin Asymmetries and Fracture Functions in SIDIS and Drell-Yan Processes:  The member of our group, A. M. Kotzinian, made key contribution to preparation of four research projects approved recently by JLab PACs: LOI12-06-109, PR12-06-112, PR12-07-107, and LOI12-07-101 (see last four items in the list of proposals presented in Section A). These proposals are devoted to measurements of the spin dependent TMD and ( longitudinal polarization at 12 GeV using the CLAS12 detector. In the proposed experiments, the single and double spin azimuthal asymmetries and their 
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 dependence will be studied covering high Bjorken x region. Anticipated results of these measurements will provide complementary (to generalized parton distributions (GPD) studies) information on the orbital angular  momentum of quarks in the nucleon.

To understand better the role of orbital angular momentum of quarks in (un)polarized nucleon, it is very important to perform detailed measurement of x, z and 
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 dependence for different (
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 etc) hadrons produced in SIDIS off unpolarized and longitudinally polarized target. This will allow to extract for each flavor separately 
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 - the distributions of quarks with spin parallel and anti-parallel to that of the nucleon. For this reason, we plan to provide detailed theoretical predictions for the single and double spin asymmetries in the light and strange hadron production taking into account the kinematics of incoming CLAS12 and COMPASS experiments.

Another direction of our activity are so-called Fracture Functions, introduced by Trentadue and Veneziano [99] to describe the partonic structure of the target nucleon in the Target Fragmentation Region (TFR). We plan to perform full classification of the leading twist Fracture Functions and apply them for description of the one- and two-particle production in polarized SIDIS and Drell-Yan processes. Concerning the experimental aspects, the polarized Fracture Functions can be measured in COMPASS experiment at CERN as well as in future studies at CLAS12, BNL and EIC facilities.
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