THE PROJECT WORKS DISTRIBUTION FOR THE 1ST YEAR

1. CPP method

Responsible person – Avakyan R.
Participants: Dallakyan K, Darbinyan S, Taroyan S

Tasks
Time periods (quarters)

Estimation of the theoretical value of R-asymmetry depending on the choice of atomic form factors ( development and creation of the  program code) 
1 – 2

Study of compatibility of available goniometer with the vacuum chamber of the pair spectrometer and preporative work with goniometer.
3

Research the possibilities of the increasing value of R-asymmetry and FOM using selected azymuthal and polar angles of  e+e- - pair.
4

2. IPP method
Responsible person – Dallakyan K.

Participants: Darbinyan S, Avakyan R.

Development of effective method for polarized photon polarimetry. Creation of  Monte-Carlo  program and calculation.
1 – 2

Proposition  of  experimental setup and detectors for polarized photon polarimetry.
2

3. REAA method
Responsible person – Sirunyan A.

Participants: Vartapetyan H, Manukyan Zh., Simonyan M., Dallakyan K,Darbinyan S.

Development and creation of the Monte-Carlo program  for triplet polarimetry on the basis of pair magnetic spectrometer .
1

Monte-Carlo calculations and determination of momentum and angles resolutions .
2

Estimation of the theoretical value of analysing power (() of triplet photoproduction process , averaged by the kinematical parameters (q, (, E(),  obtaine from Monte-Carlo calculation.
2 – 3

Proposition of  experimental facility and detectors for polarized photon polarimetry.
3 – 4

4. CBRSA method
Responsible person – Hakobyan H.

Participants: Vartapetyan H., Sarkisyan L, Simonyan M.

Restoration of the CBR polarization calculation program at the basis of fast Furie transformation.
1

 Study of influence of model dependent description of atomic form factors for this method.
2

5. Experimental equipment  for measurement of  CBR spectrum .

Responsible person – Vartapetyan H.

Participants: Hakobyan H, Adamyan F., Aganiants A., Sirunyan A., ManukyanZh, Oganezov R.

Preporative works on the facility for production and measuring of linearly polarized photons ( pair spectrometer, goniometers, monitoring systems,electronics).

Preporative works with  proportional chambers.
3 – 4

6. Restoration of package program  for the 30-channel pair spectrometer(PS30)
Responsible person – Hakobyan H.
Participants: Adamyan F., Manukyan Zh., Oganezov R, Sarkisyan L.

On-line programs for

· finding the crystal’s zeroes

· setting goniometer angles for needed peak energy of photons

· setting of magnet’s current  (pair spectrometer)

Creation of  off-line programs for data analysis
3 – 4

4

SCIENTIFIC REPORT FOR THE FIRST QUARTER ( June 1 to August 30,02)

(According to the project works distribution for the first year)
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CPP method. The method is based on the fact that in the case of the coherent electron-positron pair production in single crystal there is an asymmetry of the cross section depending on the direction of photon polarization with respect to the plane [[110],
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]. In the case of completely polarized photons the asymmetry depends on primary photon energy k and on the photon angle ( of entrance into crystal. It is defined as

where d(((/dy and d((/dy are the theoretical differential cross sections of electron-positron pair production by photons the polarization vector of which is parallel to the chosen plane [[110],
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] and perpendicular to it. The experiment is caried out in such conditions (choice of single crystal, orientation angle etc.) as to provide the maximum value of R. Therefore, it is important to carry out preliminary theoretical caculations. The program code is developed and created.

The influence of various atomic formfactors on the pair particles angular distribution and the asymmetry of pair particles yields by linear photons in crystals is investigated. Curves in the Fig.1  illustrate the behaviour of different formfactors in dependence of square of transferred momentum. In the Fig. 2 and 3 the influence of formfactors on the differential cross section averaged by photon polarization and on the R-asymmetry in the case of diamond crystal are shown. The exponential, Moliere, Hartree-Fock and Doyle-Turner atomic formfactors are considered. The calculations are carried out in the range of photon’s energy 1-5 GeV. Further comparison of the calculation results and experimental data will be carried out.

Figure cuption

Fig.1. Atomic formfactors:

f(q2)= q2.F(q2) for diamond in dependence of x=q2/m2. Symbols on curves denote: M-Moliere, DT-Doyle-Turner, CW-DT- Cromer-Waber with parameters from the paper of Doyle and Turner, CW-Timm- Cromer-Waber with parameters from the paper of Timm, Exp-exponential. In this case the function is f(x)=104.x/(x+2,24)2.

Fig.2. Coherent pair production differential cross section in a diamond averaged by photon polarization. Curves are calculated for formfactors: exponential, Moliere, Cromer-Waber and Doyle-Turner.

Fig.3. Asymmery R=(d((( /dy-d((/dy)/ (d((( /dy+d((/dy) of pair particle yields in a diamond. Curves are calculated for formfactors: exponential, Moliere, Cromer-Waber and Doyle-Turner.
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2. IPP method. 

The method is based on the fact that there is an asymmetry with respect to the polarization plane in the angular distribution of pair particles produced by linear polarized photons in amorphous media. Since pair particles emergence angles (( are of the order m/(, where m-is the electron mass and ( is the photon energy, the method is applicable for relatively low energies less than a few GeV.

The spectral and angular distributions of produced by linear polarized photons in the amorphous media are calculated by the Monte-Carlo method. It is shown that pair particle selection by the energy and the polar angles essentially increases the value of the asymmetry. It is illustrated in Fig.1, where the curves for asymmetry are calculated in the case of detection all pairs (curve 1) and in the case of selection of pairs by energy and by polar angles (curves 2, 3). The Fig.2 shows that the selection of pairs by polar angles (( in the narrow interval 1,56(((((3,13 ((= (/m), automatically leads to the selection by energies.

Further, at the basis of obtained results the experimental setup and detectors for polarized photon polarimetry will be proposed.

Figure cuption:

Fig.1. Pair particle distributions over azimuthal angle ((. Curve 1: 0(y(1 and 0(((((28; curve 2: 0(y(1 and 1.56(((((3.13; curve 3: y=0.5 and 1.56(((((3.13. y=Е(/(, (=(/m, (( and (( are pair particle polar and azimuthal angles.

Fig.2. The spectral distribution of pair particles integrated over ((. The particles are emergent within the range of 1.56(((((3.13.
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3. REAA method (The Monte–Carlo program of the triplet photoproduction calculation,  γ + e → e-r + e- + e+)

The Monte-Carlo program has been developed using pair spectrometer. The program reproduces the major traits of the process and experimental conditions of second particles: the form of a spectrum of linearly polarized photons, the sizes of the target and the scintillation counter for recoil electron registration (
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 = ± 8( 
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 = ± 22,5( ),  also topography of a magnetic field of a pair spectrometer in view of apertures of the vacuum chamber.

Algorithm of calculation is: 

For each 
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 event were played:

1. The energy of primary  photon 
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2. The coordinates (
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) of a point  in the target

3. The recoil electron momentum  by the given cross-section

4. 
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 - angles of the recoil electron

5. (e- , e+) pair momenta
Further, accepting that the (e-,e+) pair is produced at the angular interval 
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,  the azimutal angles 
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 of the  (e-,e+) pair were calculated.


At the basis of obtained 
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 values, the components of pair (
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) momenta were calculated in order to trace them in the magnetic field of pair spectrometer.


The (e-, e+) pair trajectory calculation was performed through solving  by Runge-Kutt method the system of the equations on a particle movement in the magnetic field:
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where  
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 - particle energy, 
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 - magnetic field components.

The program is fully prepared for conducting calculations aiming at the choice of the pair momentum and angular resolutions, and at the estimation of the reaction’s yields.

4 CBRSA method (method of CBR spectra polarization calculation)

As it is known [1] this method is based on the experimental spectrum description as a convolution of theoretical intensity with distortion function in the scale of the energy variable  x = Eγ/Ee :
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where 
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 is taken for the fixed angles 
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 and then smeared out by  means of distortion  function W(x-x0).

In the ordinary approach the experimental spectra is described as a superposition of theoretical spectra, so the efficient smearing is realized through the angular variables (θ, α).
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Comparing the expressions (1) and (2) one may suppose that the function W(x-x0) is the “projection” of  
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  onto  the energy scale and these approaches are equivalent if the changes of CBR spectra shifted  within the width of the distortion function 
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 are  relatively small. 

Solutions of the integral equations (1) and (2) are quite different. Eq. (1) is of Fredholm-1 type with symmetric nuclei, depending on the difference of arguments, for which the method of Winer-Hopf, based on Fast Fourie Transformation (FFT) is applicable. Function W(x) is numerically subtracted without model dependent assumptions and used for polarization calculation:
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here 
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 - theoretical polarization spectrum of CBR,
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- Fourie component of the experimental and theoretical intensities,
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 - means backward Fourie transformation.

Thus the calculation of polarization spectrum is realized by means of a few Fourie transformation on the base of a 2n (n ≥ 5) experimental points.

Equation (2) is solved on the base of known model for distortion function
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, which involves convolution of many factors: electron beam emittance, multiple scattering, crystal un-homogenity and radiation damage, radiation angular distributions both for coherent and incoherent paths et al.

The minimization is used in the description of the experimental spectra aimed to subtract the contributions of the mentioned factors.

Method (1) has been verified in comparison with full scale M-C simulation data, as well as with polarization calculations within solution of eq.(2). The precision ΔPγ/Pγ=1÷2% in the working range (Δx/x = 0.15÷0.2) at xpeak = 0.2÷0.5 is obtained as an outcome. 

Method of CBR spectra polarization calculation on the base of Fast Fourie Transformation (FFT) is restored, revised and applied for investigation of atomic form-factors choice.

As a database the experimental CBR spectra were taken and the set of 6 atomic form-factors investigated, namely:

a- Nelms – Oppenheim       }

b- Cramer-Waber                } Hartree-Fock type

c- Doyle-Turner                  }

d- Exponential

e- Molier

For references see f.e. the review talk of Tsai [2]. 

As it has been established in ‘70’s [3] and confirmed later in ‘90’s [4] the Hartree-Fock type form-factors are preferable in the description of CBR-spectra.

Fig.1 shows the CBR-spectrum of diamond crystal (node (022)) , measured at Y-2 line  30-channel pair spectrometer in ‘87 (Eγpeak = 0.9 GeV, Ee = 3.4 GeV) and calculated spectrum of polarization.  Subtracted spectrum of W(x) is shown in Fig.2, fitted by Gaussian (σ =65 MeV).

Polarization spectra obtained for the mentioned atomic form-factors are shown in Fig.3. The absolute difference of results between data with Exponential.F.F. and other F.F. is shown in Fig.4. As one may see there is the pronounced difference between two groups of form-factors: Exponential and Molier in one side and H-F types in another. This difference does not exceed 0.015 in the working region (Δx/x ≤0.2, see also Figure of merit (Fig.5)) and is less than 0.005 inside of group of H-F type form-factors.

These calculations prove that systematic uncertainties, coming from the choice of atomic form-factors contribute in general less than 0.015 to ΔPsyst  in the working region of CBR-spectrum.

Calculations should be extended to the higher energies of CBR’s peaks. 

References:
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2.  Y.S. Tsai Review of Modern Phys. 49(1974) 421
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