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1 Introduction

Studying the processes of production of particles, containing heavy quarks (c, b), is one of the key problems of the modern experimental high-energy physics. The heavy quarks are produced in an early stage of the parton interaction in hadron collisions. The hadrons produced in this reaction carry practically undisturbed information about the structure of the colliding hadrons and about the mechanisms of interaction of their constituents. Production of the charmonium states in nucleon collisions is especially interesting because the states with quantum numbers 1--, 1++, 2++ carry information about the gluon density in the nucleons. Such states are relatively easy to detect through their dileptonic and radiative decay modes.

In 1988, the EMC (European Muon Collaboration) experiment at CERN presented results showing that contribution of the quark spins to the spin of a longitudinally polarized proton is small [
], this contradicted to predictions of the quantum chromodynamics (QCD). This problem was named “the nucleon’s spin crisis”. Up to this day this problem is not solved completely. It is being intensively studied at many accelerators around the world. Experiments are carried out and planned to determine contribution of the gluons and of the partons’ orbital moment to the proton’s longitudinal spin.

Three fundamental parton distribution functions are introduced in the QCD at the twist-2 level: the spin-averaged parton momentum distribution function f(x); the helicity function g(x) of parton helicity distribution in a longitudinally-polarized nucleon, and the transversity function h(x) of parton spin distribution in a transversely-polarized nucleon. The nucleon’s spin crisis, above all, has to do with the function g(x). Investigation of the transversity function just started recently.

Since its discovery in 1974, J/(-meson has been a convenient object for testing the QCD. The QCD coupling constant in the production of J/(-mesons and other charmoniums is small due to a large mass of the produced quarkoniums. A recently introduced formalism of factorization of the non-relativistic QCD [
] develops a theoretical infrastructure for describing the processes of the heavy quarkonium formation and its decays. This formalism suggests separate treatment of the quantities at small distances, which can be calculated using the perturbative QCD, and of the matrix elements at large distances, which can be determined experimentally.

A new experiment is proposed at IHEP, its goal is to comprehensively study the mechanisms of charmonium formation in collisions of unpolarized and polarized hadrons with energies of up to 70 GeV as well as in collisions of ions with energies of up to 35 GeV/nucleon. The experimental program includes investigation of the proton spin structure and studies of the transversity function by studying one- and two-spin effects, as well as investigation of the mechanisms of charmonium formation in proton-nucleon and ion-nucleus collisions. It is proposed to do the experiment in two stages:

1. first stage:

a. Development and tune up of the apparatus using the existing proton and pion beams with the JINR’s modified transversely polarized target.

b. Measurement of the one-spin asymmetry АN in the J/( (3100) formation
c. Measurement of the yield ratios (1(3510)/(2(3555) to determine the mechanism of charmonium formation;

2. second stage (when the universal hadron accelerator, based on the existing U-70, is ready):

a. Measurement of the longitudinal two-spin asymmetry ALL in the charmonium formation in order to possibly determine the polarizations of the quarks and gluons in the proton to resolve the proton’s spin crisis problem,

b. Measurement of the transverse two-spin asymmetry ANN in the Drell-Yan pair formation in order to determine the proton’s fundamental distribution function – the transversity h(x);
c. Measurement of the relative yields of the states of charmonium and Drell-Yan pairs in different systems of colliding nuclei in accelerated beams.

It is proposed to make all measurements using simultaneously the two decay modes J/((е+е- and J/(((+(-, and also to investigate the Drell-Yan pairs using the same two modes. The probabilities of decay of J/( and the Drell-Yan pairs into е+е- and (+(- are equal. The ability to detect J/( through its hadron decay modes will allow one to increase the detection statistics of J/(, as well as of (1 and (2.
Measurements of the spin effects in the charmonium formation in hadron-hadron interactions would be done for the first time. The yield ratio (1/(2 in pion and proton beams would be determined with a level of statistics, an order of magnitude higher than existing. This would allow one to determine the proportional relationships between the possible diagrams of charmonium formation at energies of up to 70 GeV with a good precision, i.e. to understand the contributions of different processes to the mechanism of charmonium formation in hadron-hadron interactions. This was not successful earlier due to extremely low detection statistics of (1 and (2.
The experiment would be positioned in the area of the 14th channel at the U-70 accelerator. Realization of the second stage requires a polarized proton beam accelerated in U-70, extracted from it, and (for the measurement of ALL) transformed into longitudinally-polarized by means of several magnets of a “Siberian snake”.

2 Theoretical and experimental situations with charmonium production in hadron collisions

A characteristic feature of the hadronic production of charmonium is its extremely small cross-section. The J/( production cross-section has a magnitude of the order 10-32 cm2 for the (p interactions at an energy of 40 GeV (branching into the (+(- (or е+е-) modes is 6%). Another feature of the charmonium production is the strong dependence of the cross-sections on the energy and on the type of beam particles. The small magnitude of the charmonium hadronic production cross-section can be explained by a weak coupling of the new states to the usual hadrons (small (s (m2Q ) ) and by a small size of the generation region of these particles 1/m2Q. The strong dependence of the production cross-section of these states on the energy is described within the parton model. This model also allows one to understand the strong dependence of the cross-sections on the type of interacting hadrons [
]. It is known from the experiments on deep inelastic scattering that the average momentum carried away by a parton is significantly smaller than the hadron’s full momentum. Thus, for instance, the average momentum of a valent quark in a nucleon is about 1/7 of the total nucleon momentum at Q2 =3-10 GeV2, this causes a shift of the effective charmonium production threshold to the region of higher energies. A characteristic energy scale is the mass of produced charmonium (mass of the c-quark). Presence of the valent anti-quarks in the initial hadrons leads to opening of the 
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 channel with a higher effective beam energy. This explains the substantially larger charmonium production cross-section in (p-interaction as compared with pp-interaction at the same energies of a few tens of GeV. Thus, for instance, at 40 GeV, the total J/( (with x F >0) production cross-sections for these two types of interactions are ~15 nb and 2 nb, respectively. Presence in the initial hadrons of gluons (in addition to the quarks) as partons opens another charmonium production channel – gluon-gluon fusion. Using the data on the widths and probabilities of decay of the different charmonium states obtained in e+e- -annihilation and on the production cross-sections of these states in hadron-hadron interactions, one can extract information about the charmonium production mechanism and about the distributions of gluons and quarks in the initial hadrons. In the case when one or both initial hadrons are polarized one can also extract information about the spin structure functions of the nucleon constituents.
On the basis of the experimental data and theoretical models of charmonium production, one can draw the following conclusions:

1) the sea of the c-quarks in the usual hadrons is extremely small, it is on the order of 1% of the sea of the light quarks [2];

2) the main sources of J/( in hadron collisions are the processes, which are prohibited by the Zweig rule. However, due to the existence of the intermediate levels (1 and (2 with even С-parity, which are coupled to the usual hadrons stronger than J/( and which decay into J/( + ( with a high probability, additional production of J/( occurs through the intermediate channels [2];
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ratio of the J/( production cross-sections with antiproton and proton beams is about 6 at 40 GeV [
] and equal to 1 at 225 GeV [
]. This means that, in the transitions prohibited by the Zweig rule, the main role at low energies plays the process of annihilation of the usual quarks into charmonium, while at high energies annihilation of gluons into the 
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-states is significant. According to the estimates, for рр-interaction, 70 GeV is the energy region where the processes of quark-antiquark annihilation and of gluon-gluon fusion have practically equal contributions to production of charmonium with a mass of ~3.5 GeV/c2. Note that the total J/( production cross-section in рр collisions increases 
7-8 times when the beam energy changes from 40 to 70 GeV in an experiment with a fixed target, while in (р-collisions magnitude of the cross-section increases only 
2-3 times. This can be explained by an increasing contribution of the gluon-gluon fusion to the process of charmonium production in рр-interactions.

Production of the J/(-particles was widely studies at IHEP in 70s and 80s by the experiments SIGMA, LEPTON, and GAMS. Presented below are the results of some of the experiments.

With the SIGMA spectrometer, J/(-mesons were studied in (-А-collisions at the energies of 43 and 50 GeV in the (+(- decay mode [
].  Be, Cu and W were used as the target nuclei. With all targets, a clear signal from J/(-mesons was observed with a background level of 10-15%. During one run of U-70, with an intensity of approximately 106 (-/cycle, about 400 J/(-mesons were detected (see Fig. 1). Using the obtained experimental data with linear dependence of the cross-section on the atomic number of the nucleus, one can estimate that the production cross-section is about 25 nb/nucleon at the beam energy of 50 GeV.

In the LEPTON experiment, J/(-mesons were detected in (-Cu-collisions at the energies of 27 and 40 GeV in the (+(- mode [
].  The beam intensity was (2.5-3)(106 (-/cycle. At the beam energy of 27 GeV, the total flux of pions through the target was 9.0(1010 particles. 45 J/(-mesons were detected. The background consisted of 13 events (22%). At 40 GeV, the total pion flux was 4.9(1010 particles. 83 J/(-mesons were detected with 14-event background (14%). The total J/( production cross-sections in the xF>0 region were (410(80) nb at 27 GeV and (980(120) nb at 40 GeV per copper nucleus. Assuming, for an estimate, linear dependence of the cross-section on the atomic number of the nucleus, one obtains about 15 nb per nucleon at 40 GeV.
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Signals from J/( and (-mesons were found by the GAMS-2000 experiment at 38 GeV [
]. In the experiment J/(-mesons were detected in е+е- mode using only a lead glass calorimeter located at the distance of 4.5 m from the target. The transverse size of the calorimeter was ~1.8(1.2 m2, which corresponds to a geometric acceptance of (200 mrad horizontally and (130 mrad vertically. In front of the calorimeter, there was only a double-pane scintillator trigger hodoscope. There was no electron identification system. The total J/(-meson detection efficiency, after suppression of the hadron and muon backgrounds based on the electromagnetic shower shape, was 4%. Nevertheless, a clear signal was observed (see Figure 2). According to the authors’ estimate, 40 J/(-mesons were detected (the background level was less than 20%). During one week of running, at an average beam intensity of 107 (--mesons/cycle, 4.5(1011 particles went trough the experiment’s hydrogen target.
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In the experiment, 8 (-mesons were observed (see Figure 3). There was no background. The energy resolution of the electromagnetic calorimeter was insufficient to distinguish (1 and (2 by mass. The total (1+(2 production cross-section in the xF >0 region was estimated as (28(11) nb/nucleon, which is much higher than the total cross-section of the direct J/( production (ignoring the decays ((J/(+(), which is estimated by the authors to be at the level of 
(7.5 ( 2.5) nb.

Charmonium production in hadron collisions was widely studied at accelerators in other countries. Let us give a few results, which will help us better understand the situation with charmonium research. In the experiments where the (-quants from (1 and (2 decays were detected by electromagnetic calorimeters, (1 and (2 could not be distinguished due to insufficient energy resolution of the calorimeters. Only [image: image29.jpg]0 L alidaun
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in those two experiments where the (-quants from (1 and (2 decays were detected by their conversion into е+е--pairs, it was possible to clearly distinguish the signals from (1 and (2. 

In the experiment at CERN [
], a total of about 150 (1 and (2-mesons were observed, in the experiment at Fermilab [
], about 70 (1 and (2 were seen. The Goliath spectrometer at CERN was used to study production of (1 and (2 in (-Be-interaction at 185 GeV [9]. J/( were detected in muon mode. Photons were detected through conversion into е+е- pairs in the target; the electrons’ momenta were analyzed by a magnetic spectrometer. A total of 44750 J/(-mesons and about 150 (1 and (2 were detected (see Figure 4). 
The Е771 experiment at Fermilab studied production of (1 and (2 in рSi interactions at 800 GeV [10]. It was the last experiment investigating charmonium production in hadron collisions.
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The proton beam intensity was 3.6(107 protons/sec. The experiment collected 6.4(1011 interactions during 5 weeks of statistics gathering. J/(-mesons were detected in muon mode. (1 and (2 were detected by selecting events within a 100 MeV/с2 window around J/(. (11660(139) J/( -mesons were detected (see Figure 5). 
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Production of the (-states was studied in the Е771 experiment by using a 1С-fit to the tabulated value of the J/(-meson 
mass and by making a correction to the 
4-momenta of the muons. In the selected J/( events, the (-quant from the ( (J/(+( decay was reconstructed through its conversion into an е+е- pair. The spectrum of effective masses of J/(+( events in the (-states’ mass region is shown in Figure 6. A total of (33(9) (1 and (33(10) (2 were found. The widths of the states are (5.2(2) MeV/с2. 

The (((1)/(((2) cross-section ratio is 0.59(0.20(stat.)(0.05(syst.). The results of the (((1)/(((2) cross-section ratio measurement by the Е771 experiment and other proton beam results are presented in Figure 7. The world average value for the interaction of protons with nuclei is (((1)/(((2)=0.31(0.14. The relative error in the determination of the ratio is 45%. 

	
	

	
	

	
	

	
	

	
[image: image3.wmf] 


	[image: image4.jpg]0.25

o
o - S
- ) N

Temperature T [GeV]
o
o
L5

Quarks and gluons

0 02 04 06 08 1 12 14

Baryon Chemical Potential g [GeV






	Figure 7. (((1)/(((2) in proton-proton interactions. Shown are the Е771 result along with two other Fermilab results, also shown is the world average value with 1( error band. The details can be found in paper [10].


	Figure 8. QCD phase diagram.




2.1. Production of charmonium in ion collisions

Colliding nuclei at high energies is the main tool for studying the phase diagram (Figure 8) of strongly interacting nuclear matter. In particular, of great interest is the transition from the hadron degrees of freedom to the parton ones, which, as expected, should occur at high temperatures or baryon densities. At very high energies of heavy ion collisions that can be achieved at the RHIC and LHC accelerators, the produced parton matter is characterized by very high temperatures and a low baryo-chemical potential. The opposite conditions with a low temperature and high baryo-chemical potential are expected to exist in the neutron stars. The middle region of the diagram (Figure 8) at moderate temperatures and (B can be studied at accelerators with medium collision energy. Conditions existing in the nuclear matter at an early stage of its evolution are reflected on the hadron distributions in the final state. An especially sensitive indicator are the hadrons containing strange and charm quarks.

When nuclei, accelerated in U-70 to the energy of Ebeam = 35 GeV/nucleon, collide with a fixed target, charm quark production will occur near the production threshold, hence the mechanism of production of hadrons containing c-quarks is especially sensitive to the thermodynamic conditions in the early stage of the fireball evolution. An anomalous suppression of charmonium yield, caused by color screening effects in the quark-gluon plasma, was predicted as one of the characteristic features of the quark-gluon plasma [
].

The production of J/( mesons in proton-nucleus collisions and in collisions of different pairs of ions was measured by the NA3, NA38, NA50 and NA51 experiments at the SPS energies. The NA50 experiment showed that the yield of the J/( mesons in S+U ion collisions at 
158 GeV/nucleon decreases compared with the Drell-Yan pairs with increase of the collision centrality; however, the behavior of this J/( yield suppression is different from the usual nuclear absorption occurring in proton-nucleus interactions [
]. The effect of the J/( yield suppression can be interpreted as “melting” of the (c mesons in hot and dense nuclear matter. However, the question remains open about the role of the (c meson “melting” and of the usual nuclear absorption of J/( mesons in the observed J/( yield suppression. In order to investigate contributions of the individual mechanisms to the J/( yield suppression, the NA60 experiment was carried out [
], which studied dilepton pairs in I+I collisions at 158 GeV/nucleon. The statistics collected by this experiment is shown in Figure 9 where the J/( and ( meson peaks are clearly seen, also shown are the fits of the mass spectra of muon pairs from the Drell-Yan process and from the combinatory background.
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Figure 9. Dimuon mass spectra from the NA60 experiment along with fits. The left plot corresponds to all muons while the right to the muons produced in a vertex.

The combined examination of the J/( yields in collisions of different systems will allow one to determine the variables, which are responsible for the J/( yield suppression. In particular, the normal nuclear absorption is determined by mean path length L of J/( in the nuclear medium. If J/( is suppressed in a geometric phase transition, the scale variable should be the density of nuclei participating in the collision. In case of a thermal phase transition, such variable should be the energy density. The NA60 experiment for the first time analyzed the J/( yield suppression in all available systems of collision in the variables L and Npart (Figure 10). There are no data on charmonium production at energies below the SPS energy. The CBM experiment was proposed for the FAIR accelerator complex, which is presently being built in Germany, to study production of the J/( mesons in collisions of gold nuclei at energies close to those of the U-70 accelerator, namely from 10 to 35 GeV/nucleon. However, FAIR will be commissioned only in 2014 while U-70 allows studying collisions of ions from deuteron to carbon with Z/A=1/2 at the beam energy of 35 GeV/nucleon already in the near future.
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Figure 10. Ratio of J/( production cross-section to that of the Drell-Yan pairs as a function of L and Npart for different collisions.

A systematic study of yields of J/( as well as of (1 and (2 with respect to the Drell-Yan lepton pairs in collisions of protons, deuterons, 4He, 12C nuclei as well as, if possible, more heavy nuclei, if their acceleration is possible at U-70 (7N, 8O, 10Ne, 16S, 20Ca), will allow understanding of the mechanism of charmonium production in the nuclear medium.

3 Physics motivation
Up to this date, there is still no explanation of the “spin crisis” discovered over 15 years ago. The spin of a longitudinally polarized proton cannot be composed of quark helicities. The spin deficit of 70% or more can be explained by the contribution from the gluon spins and/or by the partons’ orbital moment.

The experiment proposes to measure AN in J/( production, АLL in J/( and (2 production through the decays (2 ( J/( + ( ( e +e- ( ((+(- () and also ANN in Drell-Yan pair production.

Within the last 15 years, a few experiments at CERN, HERA, and SLAC used polarized lepton beams to study the spin crisis but they primarily measured the polarization of the quarks. The experiments at RHIC are just starting to probe the gluon polarization by measuring АLL in direct photon production but the STAR and PHENIX experiments will study the gluon polarization at small x (~0,01) while the proposed experiment is aimed at the region of large x (~0,3) where, according to some model, a higher gluon polarization is expected. It is desirable to determine the gluon polarization for the complete range of х, from 0 to 1.

Information about the polarization of the quarks and gluons can be obtained from simultaneous measurement of АLL in the inclusive production of (2 and J/(. In the proposed experiment, one can obtain a number (2 and J/( sufficient for determining the gluon spin structure function (G/G(x). The reaction with production of (2 is the most transparent for theoretical interpretations. Theoretical models are unambiguously tested by measurements of the particle yields and also of the signs and magnitudes of АLL in production of (2, J/( and possibly (1.
Measurement of J/( will be supplementary to the measurement of (2. J/( cannot be produced in рр-interactions directly due to the С-invariance. The two primary sources of J/( production are the radiative decay of (2 (and possibly (1) and the processes with color evaporation gg ( g+J/(. The advantage of detecting J/( from the technical point of view is that they are easier to detect since there is no need to search also for a gamma quant and a few times more of them is produced than of (2. However, calculating (G/G based on АLL of the inclusive J/( production involves theoretical uncertainties, which are not present in the transparent calculations for (2 within the framework of the gluon fusion model.

Production of (-states in hadron-hadron interactions occurs through the three main diagrams (see Figure 11): gluon fusion, quark annihilation, and color evaporation. It is presumed that the (2 particle (with a spin of 2) is produced primarily through the gluon fusion. At the same time, according to the Landau theorem, two spin-1 gluons cannot produce a (1 particle (with a spin of 1). Then, within the framework of the gluon fusion model, the АLL asymmetry of the (2 production should be equal to –100% at the parton level (АLL with a hat) while (1 should not be produced at all. In that case, the measured value of АLL of inclusive (2 production will allow one directly calculate the gluon contribution (G/G into the proton’s spin.

To study the indicated reactions, the experiment must have a good resolution of the gamma-quant energies in order to distinguish the (1(3510 MeV) and (2(3555 MeV) peaks. If we see that, on top of abundant (2 production, a much smaller number of (1 is produced, it will prove that (2 production occurs mainly through the gluon fusion. If, on the other hand, (1 will be produced in рр–interactions at a similar level with (2 then contribution of other diagrams will need to be included into the calculations of (G/G. Fig. 12 shows quark distribution functions in a 70 GeV proton, which contributes to creation of a particle with a mass of 3.5 GeV. According to the estimates, at 70 GeV, the gluon fusion and quark annihilation give comparable contributions to charmonium production. 

An experiment similar to this was proposed at Fermilab in 1991 (Р838). Fermilab РАС admitted that the physics was exceptionally interesting, however, with the existing then polarized proton beam with an intensity of ~2(107 protons/minute and an average polarization of 45%, the accuracies of measuring АLL and, therefore, of calculating (G/G(x) within a reasonable time would be insufficient, because of this the experiment proposal was not approved. In the given project, the intensity of the polarized proton beam is expected to be up to ~6(108 protons/minute. With such an intensity of the polarized beam and a high (70%) beam polarization degree, one can detect a necessary number of (2 and J/( for determining the gluon spin structure function (G/G(x).

4 Modeling and experimental apparatus requirements
To determine the experimental apparatus requirements, a modeling was done of the (-states’ production in рр-interactions at 70 GeV. The standard PYTHIA program was used as the event generator, in which the only included mechanisms of charmonium production were the gluon-gluon fusion and color evaporation in those processes. The processes of the quark-antiquark annihilation and, correspondingly, of the color evaporation in those annihilation processes were not taken into account. The modeling considered accuracy in detecting the decays of the (-states ((0(3410), (1(3510) and (2(3555)) into J/( + ( with subsequent decay of J/( only into (+ (-.

The energy distributions of (+ and (- from the J/( decays and of (-quanta from the (0(3410), (1(3510) and (2 (3555) decays are shown in Figure 13 and Figure 14. Using the kinematic 1С-fit for J/( (the table value of the J/( mass is fixed and components of the J/( 3-momentum are obtained more precisely by finding a conditional minimum of a quadratic functional) allows one to noticeably reduce the widths of the (1 and (2 mass peaks and to improve their distinguishability. The modeling results are presented in Figure 15 – Figure 18. The precision of the primary vertex reconstruction was in all cases ((z) = 10 mm.

	[image: image7.wmf]
Figure 13. Energy distribution of (+ and (-  from the J/( decays. The average energy value is about 
11.5 GeV.
	[image: image8.wmf]
Figure 14. Energy distribution of (-quanta from the (0(3410), (1(3510) and (2 (3555) decays. The average energy value is about 3.5 GeV.

	[image: image9.wmf]
Figure 15. Masses of (0(3410), (1(3510) and (2 (3555). The 4-momentum for J/( is taken without a 1С-fit. Measuring momenta of (+ and (- from the J/( decays at 10 GeV/c gives (p/p =0.003. For ( - quants, 
((E)/E = 12%/√E. 
	[image: image10.wmf]
Figure 16. Masses of (0(3410), (1(3510) and 
(2 (3555). The 4-momentum for J/( is taken without a 1С-fit. Measuring momenta of (+ and (-  from the J/( decays at 10 GeV/c gives 
(p /p = 0.004. For ( - quants, ((E)/E = 2.5%/√E. 
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Figure 17. Masses of (0(3410), (1(3510) and (2 (3555). The 4-momentum for J/( is taken after a 1С-fit. Measuring momenta of (+ and (- from the J/( decays at 10 GeV/c gives (p /p = 0.004. For ( - quants, 
((E)/E = 2.5%/√E. 
	[image: image12.wmf]
Figure 18. Masses of (0(3410), (1(3510) and 
(2 (3555). The 4-momentum for J/( is taken from PYTHIA (no errors in determining 4-momenta for (+ and (-). For ( - quanta, ((E)/E =2.5%/√E. 


When calculating mass spectra of J/( and ( -states, the 4-momentum components of (+, (- and (-quanta were smeared using parameters given in Table 1. The value of the detector’s momentum resolution is given for particles with momentum of 10 GeV/c.

Table 1.

(p /p for          ((E)/E for              1С-fit for                 ((М) for                     ((М) for
(+ and (-           (-quants                    J/(                  J/( in MeV/c2                     ( in MeV/c2
0.0                      0.025                      no                          0.0                                6

0.004                  0.025                      yes                         0.0                                9.1

0.004                  0.025                      no                           12                              13.2

0.003                  0.12                        no                           9.3                              29

The modeling results show the necessity of using an electromagnetic calorimeter with an energy resolution of no less than 2.5%√E in its central part. When using a calorimeter with a resolution of 12%√E, distinguishing the states (0(3410), (1(3510) and (2 (3555) is impossible (see Figure 15). Using the 1C fit does not improve the separation. The tracking system must have a momentum resolution not worse than 0.4% for particles with momentum of 10 GeV. The description of a proposed detector satisfying these parameters is presented in the next chapter. 
J/(-meson can be detected also in the hadron decay modes. Calculation results for three hadron and muon decay modes are given in Table 2. The geometric efficiency of a J/( reconstruction normalized to the full decay width is 3.6% for the muon decay channel and about 2.5% for the sum of the three hadron decay channels. Detecting J/( in the hadron decay modes will significantly increase the statistics for J/( as well as for (1 and (2. In the modeling of the hadron decay modes, the energy resolution of the electromagnetic calorimeter was assumed to be (Е/E = 8%/√E. When calculating kinematic parameters of (0–mesons, it was assumed that at least one of the gamma-quants does not go through the central part of the calorimeter.

Table 2.

	Decay

mode
	Sigma of

the J/(mass peak,

MeV
	(p /p

of the tracking

system
	Geometric

efficiency, %

((geom.)
	Decay

probability
(Branching),%

(Br)
	(geom. x Br, %

	(+(-
	24
	0.01
	60
	6
	3.6

	(+(-
	13.4
	0.005
	60
	6
	3.6

	(+(-(0
	29
	0.005
	50
	1.5
	0.75

	2((+(-)(0
	29
	0.005
	30
	3.37
	1

	3((+(-)(0
	25
	0.005
	10 - 30
	2.9
	0.3–0.9


5 Experimental apparatus.

Main requirements to the experimental apparatus are listed below:

a) large acceptance for registering charmonium and Drell-Yan pairs;

b) energy resolution, required for mass separation of 1 and 2, since masses of these two particles differ by only 45 MeV/с2 at ~3.5 GeV/с2;
c) high resolution of electrons and muons from hadrons, sine the processes of interest occur at 10-7 – 10-8 rate for target interactions;
d) high data acquisition rate to ensure up to 100 Mb/s recording rate (since other processes with large cross-sections could be studied besides charmonium detection).
The main components of the proposed apparatus are:
1. beam detectors capable of operating with intensities of up to 3∙107 particles/s;
2. a system of transversely and longitudinally (at the second stage of the experiment) polarized targets;
3. magnetic spectrometer;
4. electromagnetic calorimeter (ECal) covering large solid angle and capable of high energy resolution for 1 and 2 detection in its central region;
5. cell hodoscopes (scintillator pads) in front of ECal;
6. hadron calorimeter;
7. muon detector;
8. trigger and registering electronics and high-rate data acquisition system.

The layout of the experimental apparatus is shown in Figure 19.
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Figure 19. Layout of the SPASCHARM experimental apparatus; see text for details.
5.1. Beam extraction and detection in channel 14.
We propose using tree different beam types:
· beam of negative pions;
· beams of protons and ions extracted by crystal;
· electron beam for electromagnetic calorimeter calibration.
We propose using the accelerator’s internal targets to produce beams of negative pions and electrons. Transport of these beams can be provided by standard equipment of channel 14. The estimated intensity of a 40 GeV negative pion beam is 107 particles/cycle with up to 3 s long extraction time during each cycle and 1/3 duty factor. The estimated beam size at the target is x=3 mm, y=4 mm.
5.1.1 Proton beam extraction to channel 14.
Proton beam extraction to channel 14 is done using a bent silicon crystal installed inside the U-70’s vacuum chamber. Up to 108 protons/cycle intensities can be achieved in this case.
We made a numerical simulation for parameters of a polarized proton beam extracted from U-70 for the SPASCHARM experiment [
]. Modes of operation of focusing elements (quadrupole lenses) were optimized to produce a required beam size at the experiment’s target position, while keeping the beam size relatively small during transport through the channel. The later allows avoiding beam losses and minimizing its depolarization in quadrupole lenses. The numerical simulation for parameters of a proton beam extracted from U-70, including beam polarization dynamics during transport to the experiment’s target, was done with DECAY TURTLE program, which was modified for tracking polarized beams. Simulation assumed 100% vertical-plane polarization of the extracted beam. The resulting simulated polarized proton beam parameters at the SPASCHARM experiment’s target position are:
· beam size x=0.22 mm, y=1.56 mm,
· almost 100 % vertical-plane polarization (depolarization due to longitudinal components of the fringe fields of the quadrupole and bending magnets was not taken into account).
During transport to the experiment’s target, polarization of the extracted proton beam stays constant to the first order. The following are the main factors determining conservation of the initial polarization in magneto-optic structures of channel 14:
· the system of extraction channels of U-70 is in the plane of accelerator orbit and does not contain any bends in vertical plane, which means that the vertical polarization of the beam is not affected by the magnetic field of bending dipoles;
· because of the relatively small phase space volume, extracted proton beam has a small size, which minimizes the beam depolarization in magnetic fields of quadrupole lenses.
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Figure 20. Position of the mean coordinate of the beam on the target for each accelerator cycle.
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Figure 21. Proton beam profile at focus position.


The main challenge was stability of the extracted proton beam. The extraction system was renovated [
] to achieve the desired extraction stability. According to the data from the fall 2005 run, the horizontal position stability is 0.2 mm (see Figure 20). The proton beam size is on the order of 1 mm at the focus position (see Figure 21) (resolution of the hodoscopes is not subtracted).
Since there is no depolarization during extraction, there is no need in making dedicated measurements of the extracted beam polarization during data taking. For example, as a checkup, one could measure the polarization using the inclusive charged pion production in the polarized beam fragmentation region as a polarimeter. We propose using an about 12-m-long superconducting magnetic system (spin rotator) to get the desired polarization direction. Polarimetery issues and a principal scheme of a spin rotator are discussed in the proposal for development of a universal hadron accelerator on the basis of U-70 [14]. 

5.1.2 Beam detection.
For beam counters capable of measuring beam intensities of up to 3107 particles/s, we propose using a fast scintillator (Pilot U, for example) with bleaching time of less then 0.5 ns. Photomultiplier (PMT) XP2020 with pulse front rise time of ≤0.5 ns and total base pulse duration less then 5 ns, could be used for these counters.
We propose using modern fiber hodoscopes to register coordinates of beam’s particles. Such hodoscopes are used in the COMPASS [
] and DIRAC experiments. Running experience shows that fiber hodoscopes have high efficiency (about 99% per plane), time resolution of about 500 ps with loads of about 1.4106 particles per hodoscope’s channel. The newest high-resolution fiber hodoscopes developed by DIRAC experiment consists of planes covering 5050 mm2 area and has 240 detection channels. It uses scintillator fibers and light guides with 0.28 mm diameter with double coating, which are glued together with optic epoxy glue. A typical light yield is 10-12 photoelectrons for each fiber. Planes of the fiber hodoscopes have 7 fibers along the beam with 0.205 mm packing step in transverse direction. The total thickness of the fiber hodoscopes along the beam is 3.5 mm (1% of the radiation length). 16-anode photomultipliers H6568 are used as photo detectors (15 photomultipliers per plane).
5.2. System of polarized proton targets.
The plan is to use a transversely polarized target in apparatus at the first stage of the experiment and a longitudinally polarized target at the second stage. The apparatus for the SPASCHARM experiment requires a frozen polarized target to provide a large solid angle. Target material quality factor М is essential for choosing material for the polarized target, it is defined as M=κ (dP)2, where κ is a coefficient of packing of useful material inside the holding ampoule,  is the density of nuclei in the target material, d is a dilution factor, defined as a ratio of polarized nuclei to the total number of nuclei in the target material, and P is the target polarization. For a fixed statistical accuracy in asymmetry measurements, larger factor М corresponds to shorter data collection times. Table 3 lists target materials and their target material quality factors М. The data in the table is from [
] if not specified otherwise.
Table 3. Comparison of polarized experiments’ target material parameters.
	Experiment
	SMC
	SMC
	COMPASS
	PROZA[]
	LEGS []

	Target material
	NH3
	D-butanol
	6LiD
	C3H8O2
	HD

	Density, ρ g/sm3
	0,85
	1,10
	0,84
	1,1
	0,19

	Polarization P 
	H: 0,90
	D: 0,50
	D: 0,50
	H: 0,80
	H:0,5990,015

D:0,1510,007

	Packing factor, κ
	0,60
	0,60
	0,55
	0,6
	0,9

	Dilution factor d
	0,176
	0,238
	0,50
	0,11
	0,33

	Quality factor 
M,  (g/sm3)10-3
	12,8
	 9,3
	 28,8
	5,1
	6,8


Table 3 indicates that 6LiD-based targets have the highest quality factor to date, however interpretation problems arise when analyzing experimental data, because the polarization is carried not by an individual nuclei, but by a deuterium molecule. Taking this into account, leads to a conclusion that NH3 is the best material for proton polarized targets. The new material, HD, which has the best dilution factor out of proton targets, may turn out to be promising.
At the moment a transversely polarized target based on propandiol is used at IHEP on PROZA-2M experiment. The same target could be used for two-spin asymmetry measurements if a solenoid for achieving longitudinal polarization is build. The shortcomings of the propandiol target are low dilution coefficient and low, compared to ammonium, radiation resistance (up to 23107/s per pulse). The existing magnet Dinosaur [
], which has a 250 horizontal and vertical opening solid angles, can be used for transversely polarized target.
A conservative estimate (measurements on propandiol target) was used to calculate statistical errors for the experiment. Statistical errors for the experiment can be reduced by almost a factor of 2 with the same data collection time, if an ammonium target is built.

At the second stage of the experiment, the magnet system for the target of the SPASCHARM experimental apparatus can be based on the scheme that was used on SATURNE-II [
]. For the SPASCHARM experimental apparatus scheme we propose using:
1. superconducting solenoid, with 2.5 T magnetic field and 10-4 field uniformity in the target working region (20 sm. long cylinder with 2 sm. diameter), for polarization pumping; the solenoid should have two additional correcting coils in order to obtain the required non-uniformity and an 8 sm. diameter air channel for the target cryostat placement.
2. superconducting magnet, with 0.5 T field and at least 10-2 field uniformity in the whole target region, to preserve longitudinal polarization; this magnet should provide the required apparatus solid angle.
3. superconducting magnet, with magnetic field requirements analogous to ones for the magnet in item 2, to create transverse polarization.

The proposed magnet scheme solves the problem of obtaining all three orthogonal target polarization components. This magnet scheme also allows fast flipping of the polarization direction (with the target polarization already pumped, one could achieve any polarization direction in less than half an hour).
5.3. Electromagnetic calorimeter.

Combined electromagnetic calorimeter (ECal) is one of the main setup detectors. It is located 4 meters from center of the target. Based on 2 decay kinematics, most of -quanta (about 80%) go forward inside a narrow cone of less than 250 mrad at the beam energy of 70 GeV. 
-quanta energy range is 1 to 10 GeV with a mean value at about 3.5 GeV (see Figure 14). To register -quanta from -states’ decay and their separation, one needs a calorimeter with a high energy and spatial resolutions. Based on that, the electromagnetic calorimeter can be split into two parts:
· central part of the calorimeter dedicated to registering -quanta from decay of (1 and (2 and their effective distinguishing; 

· peripheral part of the calorimeter dedicated to distinguishing between electrons and hadrons.

A detector based on a heavy lead tungstate crystal scintillator [
,
] is most suitable for the central part of the calorimeter (10 < ( < 125 mrad). This crystal has a high density, a short radiation length (0.9 cm) and a small Muller radius (радиусом Мольера) (2.2 cm); this allows achieving high coordinate resolution (at a 1 mm level at the experiment’s energy) with crystal dimensions of 30(30 mm2. 97% of the signal is in about 15 ns interval. However this crystal has a small light yield (about 10 photoelectrons/MeV), which demands using a photo-detector with a high amplification coefficient. 

The following aspects have to be considered when using an electromagnetic calorimeter made of lead tungstate:

· Light yield of the crystals falls off with exposure to radiation. 

· Light yield of the crystals depends on temperature.

· It is necessary to monitor detector energy scale stability to ensure high energy resolution of the calorimeter. 
A study of crystal’s radiation resistance showed [
], that the crystals’ clarity changes when they are irradiated, but a change in light yield is small if the dose is less then 5 rad/hour. Only a few crystals around the central aperture of the electromagnetic calorimeter are going to be in the radiation zone with irradiation of about a few rad/hour. The radiation dose is going to be less then 1 rad/hour for the rest calorimeter cells. 
Light yield of the crystals changes by 2.3% per 1( at the room temperature. The required temperature stability level of 0.1( can be achieved by heat setting the calorimeter. 

Monitoring detector energy scale stability of the calorimeter can be done using a light-emitting diode-based system [
] on 0.1% level. The in-situ detector calibration would be used. Initial calibration and optimization of each calorimeter cells’ energy scale would be done on an extracted electron beam. 
Photo-multipliers, vacuum photo-triodes (VPT) and avalanche photo-diodes (APD) can be used as photo-detectors for the crystal-based part of the calorimeter. The advantage of a PMT is its high amplification coefficient, which allows a low threshold level for registration of -quanta (10-20 MeV). However, PMT with 25 mm diameter are not produced in Russia. Besides, a high voltage divider regulated by a computer is required when using PMT, which increases cost significantly. Heat emission in the calorimeter becomes significant when PMT with divider current of 0.5-1 mA is used. VPT (are made in Russia) have a low amplification coefficient (10-15). They require a signal amplifier that has an intrinsic noise (at a 2000-3000 electrons level). Noise presence leads to an increase of -quanta registration threshold to 50 MeV. APD (are not made in Russia) are the most up-to-date detectors that have an intrinsic amplification on a 103 level. However, detector’s capacity is 500 pF when APD with 1 cm2 dimensions are used, which noticeably protracts signal front and worsens time behaviour of the calorimeter. Final detector choice will be made after additional research is done. 

Resolution of the peripheral part of the calorimeter should be (8(12)%/(Е, which would provide reliable (together with magnetic spectrometer and hadron calorimeter) distinguishing of electrons and hadrons. Peripheral part of the calorimeter could be composed of “sandwich”-type detectors made of lead-scintillator and lead glass detectors [
].“Sandwich”-type detectors were developed and manufactured about 20 years ago by RAMPEX [21] experiment. They could be used for the proposed experiment after a minor modernization. Using peripheral part of the calorimeter would also increase the effective acceptance of J/( detection in electron and hadron decay modes.
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Figure 22. Detector acceptance of (2 registration for 
xF > 0, when (- quantum went into 10<(<125 mrad region, and (+ and (- (е+ and е-) created by J/( decay went into 10<(<250 mrad region 
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Figure 23. Combined electromagnetic calorimeter (2  registration region.


Central part of the calorimeter should consist of 1216 PWO crystals with 28(28 mm2 cross-section (35х35 matrix except for 9 detectors in the middle to allow for the beam passage) to provide the required solid angle (calorimeter is placed 4 meters away from the target). Peripheral part of the calorimeter should consist of 2028 “sandwich”-type detectors made of lead-scintillator or lead glass detectors with 38(38 mm2 cross-section (52х52 matrix with an empty central part the size of 26(26 lead tungstate crystal detector cells) to provide the required 125 to 250 mrad angle range. There are 1344 “sandwich”-type detectors and 800 lead glass detectors of the required dimensions in stock, which is enough to build a peripheral part for the calorimeter. 

Geometric acceptance of detector setup with such electromagnetic calorimeter for (2 registration is shown in Fig. 22. This would make a (2 registration region from 0,2 to 0,9 with respect to хF (see Fig. 23). 

The proposed arrangement for the electromagnetic calorimeter is a compromise between its size and cost. On the one hand, placing the calorimeter further away (given the same angle) increases its dimensions; on the other hand, placing the calorimeter closer is impossible given the resolution requirements for the magnetic spectrometer. In the chosen configuration, energy resolution for distinguishing (-states is determined only by the central part. Peripheral part is mostly dedicated to distinguishing electrons and hadrons. Using a multi-channel Cherenkov counter is an alternative way of particle identification, however it requires additional space, which leads to an increase of central calorimeter part dimensions. 

It is impossible to use a “shish-kebab”-type sampling-calorimeter for the central part because of its lower energy resolution and large transverse dimension of particles’ shower when thin sampling-structure is used. 
5.4. Magnetic spectrometer
The magnetic spectrometer, designed to measure charged particles tracks’ parameters when J/( decays in an angle range of 10 < ( < 250 mrad, is placed upstream from the ECal. Simulation of the experiment showed (see. section Error! Reference source not found.), that the required detector momentum resolution for distinguishing between (1 and (2 states is at 0.4% level (at 10 GeV). Tracking detectors’ requirements:

· high operating speed (at a 300 ns level);

· no uncertainties when registering multi-track events;

· minimum material to reduce a chance of γ – quanta conversion.

Multi-wire proportional chambers are a possible choice for most of tracking system’s detectors. The parameters of the proposed proportional chambers, located after the spectrometer magnet, are listed in Table 4. Chamber units 2-4, with 2 mm signal wire spacing, have their anode planes X1 and X2 shifted by 1 mm, which allows achieving an effective coordinate resolution of σx = 0.3 mm. The latest generation electronics for the proportional chambers was developed for the ОКА experiment by EPD (ОЭФ) in collaboration with industry.     

Table 4.

	Chamber 
unit 
number
	Distance to 
the target
[m]
	Chamber
configuration
	Wire 
spacing 
[mm]
	Chamber 
size 
[cm]([cm]
	Number of
Channels

	1
	1,0
	X,Y,U,V
	1
	60 ( 60
	2,400

	2
	1,5
	X1,X2,Y,U,V
	2
	90 ( 90
	2,250

	3
	2,0
	X1,X2,Y,U,V
	2
	120 ( 120
	3,000

	4
	3,0
	X1,X2,Y,U,V
	2
	200 ( 200
	5,000

	5
	6,0
	X,Y,U,V
	4
	360 ( 360
	3,600


                                                                                  Total number of channels               16,250

Coordinate resolution of the two required detectors in front of the spectrometer magnet should be 60-70 microns. Gas Electron Multiplier (GEM) detectors [
] with 10 ns time resolution have these properties. GEM1 should have a size of 10(10 cm2, GEM2 – 30(30 cm2. We propose using biplanar detectors with three amplification stages (triple-GEM). GEM-detectors have spatial resolution of about 70 microns and operate with loads of up to 105 mm-2 s-1. A beam-killer must be used when working with a high-intensity proton beam. To allow for the proton beam passage, GEM2-detector would have a 3 mm radius circular dead zone. GEM1-detector’s dead zone would be either a 1.5 mm radius circle or a 2(3 mm2 rectangle depending on the extracted proton beam size. GEM detectors can operate without dead zones on a lower intensity pion beam. 

GEM-detectors with sizes of up to 30(30 cm2 are going to be used in COMPASS experiment. R&D can be carried out in collaboration with CERN, with subsequent organization of production of such detectors at IHEP. 
We propose using the existing C-shaped magnet NEPTUN-M3 with working aperture of 120х100х100 cm3 and 15 kGauss field in the spectrometer setup. Magnet’s vertical aperture would be 500 mrad, and horizontal – 600 mrad. A power supply with 4 kA current and 225 V nominal voltage is required to run the magnet. The existing magnet yoke should be replaced with W-shaped one to achieve the required magnetic field and uniformity and higher magnetic field peak value. 

If multiple scattering is not taken into account, the proposed detector’s momentum resolution is described by the required function, (p/p = 0.04·Р·10-2. It is desirable to add another GEM detector to further improve the magnetic spectrometer momentum resolution and to improve interaction point localization. 

Geometric acceptances obtained using Monte-Carlo simulations for registering J/( and Drell-Yan pairs was 61% and for registering (1/(2 states was 31%. 

The tracking systems’ proportional chambers together with trigger cell hodoscopes upstream from the ECal, would provide the distinguishing between the electrons and (-quanta. Using the magnetic spectrometer together with ECal and hadron calorimeter and muon detector, would provide the required distinguishing between the electrons, muons and hadrons. 

5.5. Other detectors

5.5.1 Trigger cell scintillator hodoscopes

Trigger cell scintillator hodoscopes (TH) will be placed right upstream ECal, 0.3 m away from it. Its cells would be aligned (в проекции соответствовать) with ECal super-cells (7х7 PWO cells). The goal of the TH, together with signals from ECal super-cells that a threshold crossing of a transverse momentum pT occurred in them, will be an output of the trigger signal to register the e+e- pairs from charmonium decay inside the ECal effectively. Signals from -quanta are going to be suppressed on the trigger level. 
We propose making TH cells out of polystyrene scintillator produced by die-casting. Optical fiber will be used to collect the light from each cell. We presume to get an about 10-photoelectron signal from a minimal-ionizing particle. Cell trigger hodoscopes will have dimensions of 2(2 m2 and will consist of a hundred identical 200(200 mm2 cells.

5.5.2 Hadron Calorimeter

A hadron calorimeter, required for distinguishing between electrons, hadrons and muons (when used together with magnetic spectrometer, ECal and muon detector), would be downstream from ECal. A unit of the hadron calorimeter (see. Fig. 24) is a lead-scintillator sandwich, with their widths ratio of 4:1, this ratio was chosen based on compensation condition. The detector width is 6.5 radiation lengths (ядерных длин), the transverse dimensions of the unit are 100(100 mm2, its weight is 120 kg. A detailed description of the calorimeter is given in [
]. 
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	Figure 24. Schematic of a hadron calorimeter unit: 
1. – scintillator plates; 2 – lead absorber; 3 – spectrum shifter (WLS); 4 – photo-multipliers. 


In the original design, the light is gathered by a volumetric light-guide made of plexiglass with addition of spectrum shifter. The resolution of the calorimeter is 57%/(Е, signal-to-noise merit e/p=1.01(0.03. At present, there are about 300 hadron calorimeter units made for the RAMPEX experiment. 

This experiment requires 400 hadron calorimeter units. We propose of hadron calorimeter units’ modernization based on the current fiber-optic light-gathering technology. This would allow increasing the amount of the gathered light by an order of magnitude, improve the calorimeter resolution and improve the registration threshold of hadrons by the calorimeter.  

5.5.3 Muon spectrometer

	              [image: image19.jpg]



Figure 25. The exterior of the muon spectrometer magnet of the IHEP-JINR Neutrino Detector setup.




We propose using the existing muon spectrometer from IHEP-JINR Neutrino Detector setup for muon identification. The muon spectrometer consists of 13 toroidal magnets, 4-m-diameter and 22-cm-thick each. The magnet’s exterior is shown in Fig. 25. The magnet consists of two semi-rings. It has a 36-cm-diameter central aperture to put in the coils, which carry 600 A current. Each of the semi-rings carries two coil sections oriented at a 900 angle relatively to each other. 

The first five magnetic dampers positioned separately, make up the first block. The rest of the magnetic dampers, arranged into pairs, make up two identical blocks. Scintillator hodoscopes are placed after each block. 

Together with the hadron calorimeter, the muon detector provides the required distinguishing between muons and hadrons. There is a set of proportional chambers located before the muon detector to tie with the tracks reconstructed in magnetic spectrometer. 
6 Trigger, electronics and data acquisition system

The goal of the data acquisition system is recording all interaction events in the target. The signal from the beam telescope (S1-S3) in anticoincidence with S4 detector, that signals a beam particle that passed through the target without interactions, can be used as a zero-level trigger (TL0) (see. 

 REF _Ref132956983 \h 
Fig. 26). 
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Figure 26. Zero-level trigger schematic.
Such trigger imposes rigid requirements for the time behaviour and performance of the registering electronics and data acquisition system. At the beam maximum intensity of 3∙107 particles/second, the counting speed of TL0 would be about 3∙106 signals per second, i.e. the times for data conversion by registering electronics and for recording the information, together should not exceed 300 ns. To provide a minimal “dead” time of a function of conversing the analog data, compressing and recording it to a buffer memory, we propose combining Front-End (FE) electronics into a single unit. The data in the buffer memory will be forwarded along a serial line from each unit (gigabit Ethernet). The buffer memory should be large enough to store the events registered during a U70 spill (1-3 seconds). For a 100-ADC-channel unit at 10% detector load, this will make a 100∙0,1∙3∙106 words, or 60 MB. The zero-level trigger, given a negative answer, can be used to block the transfer of the stored data out of the buffer memory. After the data is transferred to the computer farm from the buffer memory, the higher-level triggers will also be used to reduce the data flow recorded on the archival storage. The architecture of the data acquisition system is shown in Fig. 27. FE units will be made in the VME standard, and will be located close to the detector. Control, testing and configuring will also be done in the VME standard.


[image: image21]
A specialized trigger for J/( is considered as a backup choice. The presence of two tracks in the muon calorimeter will provide a trigger for J/( decay in the muon mode. Information from the cell trigger hodoscopes and ECal is used to make a trigger for a J/( in a decay mode into an е+ and е- pair. Most of е+ and е- pairs from decay of J/( with 3.1 GeV/c2 mass have a transverse momentum of рТ > 0.6 GeV/с (results of the simulation for momentum of е+е- pairs from J/( decay at 70 GeV are shown in Fig. 28). To output a trigger, ECal is split onto a 100 super-blocks. A single super-block is a 7(7-detector matrix for the central zone, and a 5(5-detector matrix for the peripheral zone. Emitted transverse energy EТ is determined for each super-block. The coincidence of the signal from a super-block (EТ > 0.6 GeV/с) and a corresponding cell of a trigger hodoscopes is a trigger for J/(. Such a trigger has a 90% efficiency. 
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Figure 28. Results of the simulation using Monte-Carlo method for a trigger 
on two electron clusters with large рТ. 
Data level estimation. An average event multiplicity in рр- scattering at 70 GeV is 4 charger and 2 neutral particles. Lets take a triple excess over the average multiplicity in each event (12 charged and 6 neutral particles – (0-mesons) to estimate the incoming data level. 
The tracking system consists of 18400 channels in 28 planes. Estimating the maximum load on each plane, we assumed that 70% of the number of triggered events are from a single charged particle passing through, 20% – are from two particles, 5% – are from tree, 5% – are from four. Given an average noise of 3 triggered events per plane, we get a total of 20 triggered events per plane, or 560 triggered events for the whole tracking system. 
Each of the 12 (-quanta (products of decay of 6 (0-mesons) will on average trigger 25 cells of the ECal, which will make 300 triggered channels in ECal. The 12 charged hadrons will also get into the ECal. Since the ECal has one radiation length (ядерная длинна) material thickness, 4 hadrons will trigger a single event (minimum ionizing particles) and 8 hadrons will form hadronic showers with an average size of 12 ECal cells (the noise triggered events and the trigger threshold are taken into account). The total load on ECal in a single event will be less than 400 triggered events on average. 

Each hadronic shower will trigger, on average, 9 cells of the hadron calorimeter (HCal cells are significantly larger than ECal cells). The total of 120 channels, taking noise into account, will be triggered by 12 hadrons. 

There are two photo-multipliers per a scintillator plane in the muon detector. Hadron suppression before the muon detector (7.5 radiation lengths (ядерных длин) of ECal + HCal ) is on the level of 5(10-4. Since there is an iron absorber not less than 110 cm thick in front of the scintillator hodoscopes of the muon detector, there is only a muon component left from hadronic showers. Not less than 10 scintillator plates 100 mm wide are going to be triggered at that. Lets consider that there are two muons created in each event when the (- and К- mesons, created in the target, decay before the ECal. Thus, there are total of 12 plates that are triggered. The noise is estimated as 3 triggered events. Thus, there are total of 30 triggered cannels per plate (2 PMTs per plate) of the muon detector, or 180 triggered channels for the whole muon detector. 

The event’s byte length. In an extreme case, the proportional chamber registers will contain one word for each triggering (a total of 560 words). The information about 400 triggerings of the EMC cells will comprise 800 16-bit words (amplitude and address). Analogously, there will be 240 words in HC. In the muon detector registers, there will be one triggering per a 16-bit register, or 180 words. The total is 1780 16-bit words. An additional 270 words is the information from the beam detectors, converters, event headers, and other auxiliary information. The total is 2050 16-bit words per event or 4 KB of memory. When recording 3х106 events per cycle, the total information amount will comprise up to 12 GB. A memory unit can store up to 200 MB, thus, 60 units are required.

When working with an ion beam, the size of each event will be an order of magnitude greater (about 40 KB), however, due to a lower intensity of the ion beam, the total number of events per cycle will be two orders of magnitude lower. The information amount per cycle with an ion beam is no more than 1.2 GB. 
7 Accuracies of measuring the spin observables.

Given below are the estimates of the accuracy of measuring the single-spin asymmetry АN during 40 days of running with a polarized target using a 40 GeV beam with an intensity of 
5(106 (-/cycle and during 40 days of running with a 70 GeV beam with an intensity of 
5(107 protons/cycle. The cross sections of both reactions are about 15 nb/nucleon. For a conservative estimate of the accuracy, suppose that the experiment uses a propandiol polarized target. Such a target exists and works effectively in channel 14. 
The number of detected J/( particles per one (--meson of the beam will be 
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. The factor of 2 appears because of two lepton decay modes of J/( (into e+e- and (+(- pairs); the amount of material along the beam ρ(l(NA( (0.7 g/cm3)((20 cm)((6.02(1023 nucleons/g)((0.6=packing factor)=5.1(1024 nucleons/cm2, σ – the J/( production cross section at xF>0 is 15(10-33, the branching Br=0.06, the geometrical acceptance of the detector A=61%, the trigger efficiency ( = 90%, (( – the reconstruction efficiency (0.6) multiplied by the U-70 operation efficiency (0.8) – is 0.48. The total J/( detection efficiency for the lepton decay modes will be about 25%. 

The number of J/( per one (- -meson of the beam, for the two lepton decay modes, equals NJ/(=2(5.1(1024(15(10-33(0.06(0.61(0.9(0.48=2.42(10-9. In other words, when taking data at a pion beam intensity of 5(106 particles/cycle, J/(-mesons will be detected at a rate of 
4(5 events/hour. With the overall number of (- mesons from the beam 
(5(106 particles/cycle)((360 cycles/hour)((24 hours/day)((40 days)=1.7(1012, 4000 J/(-mesons will be detected during 40 days of running with a polarized proton target.
The accuracy of measuring АN (assuming a dilution factor of 8.0 and a target polarization of 90%) will be 14%. The intensity of a 70 GeV proton beam is 10 times higher (5(107 protons/spill). The expected particle detection statistics is then 10 times greater and thus the error of measuring АN in J/( production will be 4.5%. One also expects about 500 (1 and (2 with the (- -beam and about 5,000 (1 and (2 with the proton beam. With the proton beam, one will be able to give a preliminary estimate of the asymmetries АN of (1 and (2 production with errors of 12(20% depending on the (1 and (2 yields’ ratio.

The statistics can be increased by more than a factor 2 by replacing the propandiol target with an ammonium target and by a factor of 2 when the planned beam intensity is achieved. 
8 Project cost estimate
	
	Work description
	Cost (mln.rub.)

	1.
	Development of a detailed technical project
	6.0

	2.
	Design, development, manufacture and commissioning of the hybrid EMC
	110.0

	3.
	Design, development, manufacture and commissioning of the tracking system
	39.0

	4.
	Design, development, manufacture of the beam detection hardware
	15.0

	5.
	Upgrade of the muon detector
	13.0

	6.
	Upgrade of the hadron calorimeter
	10.0

	7.
	Design, development, manufacture and commissioning of the cellular trigger hodoscope
	8.0

	8.
	Upgrade of the spectrometric magnet
	5.0

	9.
	Design, development, manufacture and commissioning of the general electronics of the data acquisition system
	50.

	10.
	Design and upgrade of the experimental area
	15

	
	Project total cost
	271


9 Planned schedule of the project realization


Construction and commissioning of the experiment are planned to take 4 years (2007-2010).

2006-2007

1. Development of a detailed technical project

2. Acquiring materials for the spectrometric magnet upgrade
3. Manufacturing components for assembling 200 new modules and upgrading the existing modules of HC
4. Dismantling the hardware of the previous experiments and preparing the channel-14 area for mounting of the new hardware
2008
1. Design of the necessary electronics:
a. EMC and HC high-voltage systems
b. trigger logic electronics
c. detector readout electronics
2. Design of the monitoring system and of the slow control system of EMC
3. Production of the necessary hardware:

a. trigger scintillator counters
b. assembly and upgrade of the HC modules
c. beam hodoscopes
d. high-voltage supplies for the trigger scintillator counters
e. development and upgrade of the spectrometric magnet
f. manufacturing of the muon detector hodoscopes
4. acquisition of the necessary hardware:
a. photomultipliers for the trigger scintillator counters 

b. materials for the EMC monitoring system 
2008-2009
1. Mounting and placement of the hardware and service lines 

2. Acquisition of the lead tungstate crystals and their photo-detectors

3. Development of the detector readout electronics and data acquisition system electronics

4. R&D of the GEM detectors

5. Production of the detectors and electronics:

a. proportional chambers
b. development and manufacture of the thermally stabilized EMC case and of the EMC and HC stands
c. EMC and HC high-voltage supply system

d. monitoring system and slow control system of EMC
e. manufacture of the trigger hodoscope

f. beam hodoscopes
g. readout electronics of the beam hardware

h. upgrade of the cryostat and of the target polarization measurement system
2009-2010
1. Production of the detector readout electronics and of the data acquisition system 
electronics

2. Assembly and tuning of EMC and HC

3. Production of the GEM detectors

4. Development of a new longitudinally-polarized target and its magnetic system

2010
1. Tuning of all experimental hardware
2. Complete system startup
3. Collection of the first data with a pion beam

2011-2013

1. Collection of the data with proton, pion, and ion beams

2. Fabrication of a new polarized target

2013
1. Beginning of the data collection with a polarized proton beam

10 Conclusion
It is proposed to measure single-spin and double-spin asymmetries in charmonium production. The three charmonium states, J/(, (1 and (2, would be studied in the decay modes when (1 and (2 turn into J/(+( while J/( would be detected primarily through the decays into e+e- and (+(-. 

The main hardware components of the SPASCHARM experiment are:

· Combined electromagnetic calorimeter with a central region of 1300 lead tungstate crystals and resolution of 2.5%/√E and a peripheral part (2000 “sandwich”-type counters and/or lead glass). Such a calorimeter will allow one to reliably separate the states (1(3510) and (2(3555). 

· Magnetic spectrometer with a pulse resolution of 0.4% at 10 GeV.

· Hadron calorimeter and muon detector, which, along with the electromagnetic calorimeter and spectrometer, will provide the necessary separation of electrons, muons, and hadrons. 

· Trigger would be produced based on the information from EMC, cellular hodoscope, and muon detector.

· DEA IHEP will develop new generation electronics with intellectual modules of information processing in each basket allowing one to record the information on a hard drive with a speed of up to 100 MB/sec.

The experiment would be located on channel 14 of the U-70 accelerator.

On the first stage of the experiment, it is proposed to measure the single-spin asymmetry АN in J/( and (1/(2 production for the pion and proton beams. 40 days are requested for data collection for each of the (- (40 GeV), proton (70 GeV) and ion beams using the existing transversely-polarized JINR target. During this period, about 4 000 J/( and 500 (1/(2 would be detected from the (- -beam with an intensity of 5(106 (-/cycle and about 40000 J/( and 5000 (1/(2 states would be detected from the proton beam with an intensity of 5(107 р/cycle. The statistical errors of the measurement of АN for inclusive J/( production are expected to be at the level of 14% for the (- beam and less than 5% for the proton beam. Measurements of the spin effects in charmonium production would be done for the first time in the world. 

At the same time, the (1/(2 cross-section ratio would be measured with a good precision for the proton and pion beams, which will allow one to determine the mechanisms of charmonium production in hadron-hadron interactions. To this date, the average world results for (1/(2 yield ratio have relative errors of about 45% for both (- and proton beams.

On the second stage of the experiment, it is planned to measure the double-spin asymmetries using a polarized proton beam accelerated in U-70 and extracted by a bent silicon crystal into the channel 14 zone. The measurements of АLL are important for determining the distribution functions in a longitudinally-polarized proton, namely, for determining the gluon polarization (G/G(x). The measurements of АNN in Drell-Yan pair production would help to determine the transversity function h(x) of quark distribution in a transversely-polarized proton. АNN of J/(, (1 and (2 production would be measured at the same time.

The SPASCHARM experiment is universal. In addition to the polarized program, it is proposed to also conduct a study of charmonium production using the ion beams of IHEP’s Universal hadron accelerator [14].

It is proposed to build the SPASCHARM experiment within 4 years, beginning in 2007, to conduct studies using unpolarized beams in 2010-2013, to start measurements of the double-spin asymmetries АLL and АNN in charmonium and Drell-Yan pair production in 2013.
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Figure � SEQ Рисунок \* ARABIC �1�. Dimuon mass spectrum (logarithmic scale) in (-Cu-interaction obtained with the SIGMA spectrometer at 50 GeV.








Figure � SEQ Рисунок \* ARABIC �2�.  Spectrum of effective masses of  electron pairs in (-р interaction at 38 GeV obtained by GAMS-2000. The total histogram is shown for the events with pair energies above 21 GeV while the hatched histogram is for pair energies above 23 GeV.





Figure � SEQ Рисунок \* ARABIC �3�. a) Mass spectrum of J/(+( events obtained by GAMS. b) events satisfying the condition 3.0<Mee(GeV/c2)<3.3 [� NOTEREF _Ref132524999 \h ��8�].





Figure � SEQ Рисунок \* ARABIC �4�. Spectrum of effective masses of J/(+( events in the ( -meson region obtained by the Goliath spectrometer at CERN. Above are the experimental data; below is the spectrum from Monte-Carlo simulations for the �(1 –state [� NOTEREF _Ref132433645 \h ��9�].





Figure � SEQ Рисунок \* ARABIC �6�. Spectrum of effective masses of J/(+( events in the ( -meson region obtained by the Е771 experiment at Fermilab for р-Si-interactions at 800 GeV [� NOTEREF _Ref132433735 \h � \* MERGEFORMAT �10�].  The data were fit using a polynomial for the background and two Gaussians with equal widths.





Figure � SEQ Рисунок \* ARABIC �5�. Spectrum of effective masses of dimuons with opposite charges in the Е771 experiment at Fermilab [� NOTEREF _Ref132433735 \h � \* MERGEFORMAT �10�]








Fig. � SEQ Рисунок \* ARABIC �12�. Dependence on хВ  (Bjorken) of the distribution functions for the valence u-quarks (uv) and d-quarks (dv), sea quarks (s) and gluons (G) in a �70 GeV proton, which produces a particle with a mass (=3,5 GeV/с2





Figure � SEQ Рисунок \* ARABIC �27�. The architecture of the а data acquisition system.











Figure � SEQ Рисунок \* ARABIC �11�.  Diagrams of (-states’ production: a) gluon fusion b) quark-antiquark annihilation c) color evaporation
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