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Выступающий
Заметки для презентации
In my talk I will try to give a short summary on the present state of art of the exclusive central diffractive production and to show some key points that, in my opinion,we have to clarify in further research.
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Выступающий
Заметки для презентации
Experimental signature of the ECDP, as we know, includes two final protons and large rapidity gaps between protons and central particles.These features give the possibility to use missing mass method and fix more or less that process is diffractive, when wehave no tools to fix final protons, we can fix at least two rapidity gaps.
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1. Two final protons => Missing Mass Method  
2. Large Rapidity Gaps ~ diffraction signature 
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ECDP regimes and theoretical approaches 
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Заметки для презентации
 According to available models, which we have may be a dozen or more, exclusive central diffractive production is the process driven by reggeon-reggeon fusion subprocess. At high energies we supposethat Pomeron-Pomeron fusion gives the basic contribution. Usually we consider 3 possible regimes for this process. The first one is related to the production of high mass systems in the central region. This may be heavy particles like Higgs boson, heavy quarkonia, jets, gauge bosons pairs, heavy hadrons pairs, exotics and so on, withmasses usually greater  than 10 GeV. In this regime we assume that central amplitude can be calculated somehow by the use of QCD andperturbative methods due to smalness of the strong coupling at high momentum transfer, or by resummation of perturbative or semiclassical series and so on.  Then we have the gluon-gluon fusion process, which is calculated perturbatively in the SM or beyond. Also effects of soft radiation should be taken into account.The second case is the production of intermediate masses of the order of 3 to 10 GeV. In this case some perturbative methods may not be applicable. We can use some mixture of perturbative and nonperturbative approaches.And in the last case we have central masses of the order of 1 GeV, and it is calculated usually by the use of Regge approache and its different modifications.Very important point is that we have to satisfy the Unitarity condition, that’s why we should also take into account soft interactions of initial and final hadrons. This is usually called “soft survival probability”.It is possible also some additional corrections due to interactions of reggeons, which are called enhanced corrections.
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So, basic motivations to investigate this process are summarized here. As I said before, they have clear signature. Also due to kinematical reasons we have additional “selectione rule”, that can suppress background processes for or practically significant cases like Higgs boson production, for example. To my opinion, it is even more important, that we have powerful tool like different distributions, especially azimuthal one, which can be used as spin-parity analyser, and also usual t-distribution, from which we can study in detail the size and shape of the interaction region. At low luminosities also it is crucial to have large cross-sections.
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5. Large cross-sections for low central masses 
    (important for low luminosity runs) 
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Dsig/dphi -> spin, parityHere you see the illustration, how we can use diffractive patterns of the Exclusive central diffractive production.I show pictures from our old paper, where we predicted behavior of azimuthal distributions for different resonances at 7 TeV and also for different regions in t. In particular, the search for the “glueball” is based on such kind of filter.
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Dsig/dt -> calculate size, dip – calculate interf., other variables – more exact verification, model dependent scales, unitarity corrections, …As to usual t-distributions, we can extract a lot of information on physical quantities. This is not only the slope parameter, which shows the transverse size,  but also dependences on different scales in the process, longitudinal size of the region, relations between real and imaginary parts of the amplitude. These are basic possibilities.
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Выступающий
Заметки для презентации
Dsig/dt -> calculate size, dip – calculate interf., other variables – more exact verification, model dependent scales, unitarity corrections, …And if we change t variable to more indicative variables, say, as presented on this picture, we can make more exact verification of our predictions. We can get a deeper minimum or additional bumps and dips, for example.



Low mass ECDP: di-pion continuum, interference with res. 
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Выступающий
Заметки для презентации
Let us concentrate now only on low-mass Exclusive central production. Especially on the process, which we most often observe in the experiment, di-pion central exclusive production, where pions can arise both from the decays of light resonances and from continuum. My recent research was devoted to the last one, continuum. And my colleague, Anton Godizov has some results on low resonances. As you see, amplitudes of this process containes functions fixed in elastic proton-proton and pion-proton processes. Only free functions are Pomeron-Pomeron-Resonance coupling and form-factor of virtual pion exchange in the process with continuum production. If simplify this, we have only two free parameters. A couple of other groups, from Durham and Poland, also have results on these processes, so, we can compare our conclusions. To avoid technical details, that you can see in the publication, I'll pay your attention to a few points.The first one: continuum cross-section has a very strong dependence on the behavior of the unknown form-factor. It is shown on the left bottom picture,Where STAR data on azimuthal and di-pion mass dependences are shown. These pictures clearly show not only the dependence on the form-factor, but also on the interference of the resonance and continuum contributions to the amplitude of the di-pion process.
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Выступающий
Заметки для презентации
It is more evident when we look at the CDF data, for example. Here interference effects are rather significant, especially in the region of masses below 1 GeV. It is not so clear for me at the moment, why for CMS we have more good situation than in CDF. The main conclusions from this are that we have to do carefully simultaneous fitting of the data on resonances and continuum, and try to clarify physical meaning of all the model parameters.
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Выступающий
Заметки для презентации
One more on unitarity effects in this case at 7 TeV. In this picture you can see influence of proton-proton rescattering corrections and also pion-proton rescattering. The effect of proton-proton rescattering is about 5 times, and pion-proton one is about 20-30%.
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Выступающий
Заметки для презентации
And, finally, several points on which I want to focus specifically. This is just to extend the program of our investigations. The first one concerns reggeon-reggeon and hadron-reggeon interactions. As was proposed in previous works, that we can extractPion-proton cross-sections from charge exchange processes, also we can try to do the similar procedure to extract reggeon-proton cross-sectionfrom dissociation and reggeon-reggeon cross-section from the exclusive central production.  The basic theoretical difficulty is that we have to calculatemany corrections to the amplitude, that is why we have to propose some expressions for extracted cross-sections. In the pion-proton case it is more easy to do, and result can be considered as almost model independent, if we have good data on elastic proton-proton scattering.  And in the case of reggeons result is more model dependent. Nevertheless, if we assume some expression for the Pomeron-Pomeron amplitude with free parameters, we can simply fit experimental data and then calculate Pomeron-Pomeron cross-section using this expression. We’ll got the result even if we have rather complicated additional corrections like in pion-pion continuum central exclusive production. In the paper I’ll extract Pomeron-Pomeron to pion-pion cross-section, and, as you can see, its contribution to the total Pomeron-pomeron cross-section is very small. At least for such typical t values. And contribution of resonances in this region is leading.Motivations to do such manipulations is to understand correctly the structure of reggeon interactions and the nature of reggeons, which are often considered simply as particles, and it is not correct.
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Выступающий
Заметки для презентации
And  another idea, which I’d like just to propose, concerns the Coulomb-Nuclear interference. This is calculated and discussed for elastic process. We could also try to consider it for the low mass exclusive central production. This is, of course, rather difficult from the experimental point of view. But it would be more informative than elastic scattering from the theoretical point. I address this question to experimentalists. 
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Выступающий
Заметки для презентации
And  another idea, which I’d like to propose, concerns the Coulomb-Nuclear interference. This is calculated and discussed for elastic process. We could also try to consider it for the low mass exclusive central production. This is, of course, rather difficult from the experimental point of view. But it would be more informative than elastic scattering from the theoretical point. I address this question to experimentalists. It is hoped that this will be possible in the future.
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Выступающий
Заметки для презентации
The 3rd idea that I’d like to propose here is devoted to famouse Odderon searches. There are two kind of processes, in which we could try to find Odderon.1rst one is the fusion with pomeron, with production of vector mesons, like in photon-pomeron fusion, but it depends on the Odderon coupling. And it may be greater than electromagnetic one.
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Выступающий
Заметки для презентации
The second process is proton-nucleus collision, where we have increasing cross-sections due to large charge of nuclei. And we could see gamma-Odderon collisions with production of even states.
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Выступающий
Заметки для презентации
All our calculations on elastic scattering, exclusive central diffractive resonance production are collected in the Monte-Carlo event generator. The version, which will be available soon contains: elastic …., 9 resonances …, di-pion production at 7 TeV. Also it is inked to Pythia 8 (to make resonance decays and hadronization) and also to ROOT and HEPMC output via Pythia interface.
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  We have the process ECDP with clear signature and tools 
(azimuthal, t and other vars. distributions) to obtain many important 
parameters: spin, parity, size and shape of the interaction region, 
dependence on different scales. 
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  We have the process ECDP with clear signature and tools 
(azimuthal, t and other vars. distributions) to obtain many important 
parameters: spin, parity, size and shape of the interaction region, 
dependence on different scales. 
 We have no universal description of the process at the moment, 
and we have to consider different regimes and nuances (corrections) 
for theoretical calculations, which have more or less success in data 
fitting, but sometimes have no clear physical meaning. 
 To clarify our understanding of Pomeron, Odderon, reggeons, and 
their interactions, we can extract hadron-reggeon and reggeon-
reggeon cross-sections and also see additional processes where 
reggeons participate (Odderon-gamma, Odderon-Pomeron, …). 
 To study this process more deeply, we can use different 
kinematical modes, as in elastic scattering, for example, the region 
of interference of reggeon-reggeon and photon-photon processes. 
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The end 
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