SCIENTIFIC REPORT FOR THE FOURTH QUARTER ( March 1,2003 to May 31,2003. According to the project works distribution for the first year).

1. CPP – method 
      Finding the optimal crystal orientation at E(= 1,0 GeV 

A method based on orientational dependence of a pair production process at the analyzer crystal is proposed.   
We calculated differential cross-sections of  pairs production by polarized photons energy 1 GeV  in the diamond crystal. In order to find an optimal orientation of crystal, when asymmetry values reach their maximal value, the behavior of cross-sections are studied for different cuts (100, 110) of the diamond crystal plate  at various angles of primary photons. The calculations’ results are presented at Fig. 1 and Fig. 2. Figures show differential cross-sections of  pairs production  (upper parts) and correspondingly R-asymmetry  (lower parts) as a  function of photon entrance angles into crystal. As it is seen from figures the maximum of asymmetry R=0.051 for (100) orientation is reached at the entrance angle 105.9 mrad, whereas for (110) orientation asymmetry R = 0.072 at the entrance angle 149.9 mrad .
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2.Calculation of differential cross section and analyzing power in the process of e(e( pair production on nuclei in amorphous target. 

In the given method for photon beam linear polarization measurement the correlation 

between the plane of emitted pairs and direction of photon polarization is being studied.

In works [1-4] various possible experimental methods for asymmetry ratio measuring were proposed: observing nearly coplanar pairs, observing all pairs except those that emerge over a narrow angular range 2(( (wedge method), observing pairs selected in the polar angles interval 2 (( ( ring method).

As it is presented in the [4] , it is possible to obtain good results for the analyzing power 

by selecting also the symmetrical e(e( pairs. At the basis of the (ring ( method we propose to use a pair spectrometer as a polarimeter with a system of scintillation counters for symmetric pairs registration. 

Fig.1 shows a sketch of the analyzing device. The existent pair spectrometer (PS) is supplemented with two strips of scintillators in the e( and e( arms, positioned at the y= ( y0 distance from median plane of PS-30.  Photon beam collimation is set 10(4 rad. 

For the simulation purpose we supplemented the existing Monte-Carlo code with program developed in [4], where an analytical expressions for differential cross section of  e(e( pair production from linearly polarized photons is obtained:    
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where (0= Z2r2(, Z is the nuclear charge, r is the classical electron radius, (= 1/137,y = E( / k, E( ,k are the electron(positron) and photon energies, u( = (( (( , (( = E( /m, (( are the azimuthal angles , (3 is the photon Stock`s parameter, which determines the degree of linear polarization.

This formulae represent five dimensional differential cross section depending on pair particles energy and angular variables ( E( , (( , (( ) [ 1], see formulae (4.5).

The Monte-Carlo calculations are performed for the case of the CBR peak energy of 1 GeV with energy interval (0,9 – 1,1 GeV), accounting all experimental conditions: the shape of a CBR spectrum, the sizes of the beam at the converter and the scintillation counter for e(e( pairs registration, as well as  topography of a magnetic field of a pair spectrometer. Algorithm of Monte-Carlo program is following: 
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- the energy of primary  photon 
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- the electron momenta P( and pair particles angles ((( , (( )  by the given diff.cross-section.

At the basis of obtained 
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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 by Runge-Kutt method for the system of  equations of a particle movement in the magnetic field [5]:
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 - magnetic field components. 

Using mentioned above Monte-Carlo method we calculated the asymmetry (analysing power) of e(e( pair production on copper target:

                            A = ( N( - N(( ) / ( N( + N(( ),

where N( , N(( represent the pair yield from photons polarized perpendicular and parallel to the spectrometer median plane, respectively. 

At the first, for choice of the optimal gap between the scintillator counters (see Fig.1), we studied a dependance of  figure of merit F from (y and found its maximum at  (y= 2 cm. As calculations show the analyzing power for this case reach app.0,31.

A Monte-Carlo simulation allowed to determine the kinematical range of the e(e( registration. The results are shown in Fig. 2-4 in the case of incident photons polarized perpendicular (P=1). Fig.2 shows the polar ((() and azimuthal ((( )  angular distributions for the detecting pair particles e(e( .  The Monte-Carlo predictions for electron and positron momentum 
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are presented at Fig.3 and Fig.4, respectively, where analysed data is fitted with Gaussian distribution.

The obtained results can be a basis for development of a polarimeter using the existing configuration of the pair spectrometer at (-2 beam line of Yerevan synchrotron. We are planning to perform further detail investigations using hodoscopes system as pair detectors.   
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3.Calculation of the differential cross-section and analyzing power of the

       triplet photoproduction ((e(ere(e()

Analysis of the existing articles both theoretical [1-3] and experimental [4-7], on the subject of the triplet investigation, shows that proposed schemes of  the linearly polarized photons’  polarimetry  are mainly based on the photons’ tagging  possibilities  without measurement of the  forward    e+e- momenta . This is not our case, we have to measure the coherent bremmstrahlung spectrum by pair spectrometer so there is the need to adopt the pair spectrometer for measurement and reconstruction of triplet kinematics and calculation of corresponding analyzing power.

Up to meantime (see f.e.[8]) there were  absent a precise  analytical descriptions of  the triplet photoproduction process by linearly polarized photons while numerical calculations have been taken  integrated over the forward e(e(   pair phase space making them not useful for us.

As it is known the triplet description  involves 15 kinematical variables. With knowledge of the target parameters, two angles of the γ-beam and 4 balance equations, there is left  to measure 6 variables to reconstruct the kinematics if the triplet process is recognized.  Those variables are  the momenta and angles of forward e+e-  pair.

Very recently  the differential cross-section expressions  in compact analytical form were kindly presented us by colleagues from Dubna-JINR, who are currently preparing a publication. The developed approach  is based on the usage of helicity amplitudes. All eight Feynman graphs describing the process in the lowest order are taken into account. Analytical expressions for the 6-th fold differential cross-section is obtained within additional requirement on the recoil energy to be large as compared the electron mass (Er ≥ 1.5MeV).

For the simulation purpose we have developed program of  the differential cross-section and analyzing power  calculations of the triplet process, adopted to our conditions.

Results presented below are calculated for the particular case of a E(( 1000 MeV and  symmetrical e(e(pairs  with energy E+= E(= 498,95 MeV  and polar angles ((= ((= 8 mrad.

Fig.1  shows the kinematical parameters ( Er-recoil energy, (r- recoil  polar angle and

E( - initial photon energy) as a function of (e- azimuthal angle of the forward electron .

Fig.2,3 and 4 show the differential cross-section, analyzing power A and figure of merit F as a function of (e- . As it is seen in fig.3 the maximum value of analyzing power 0,089 is reached at (e= 24(.

The  evaluated  rate of e(e(pairs into the range of azimuthal angle (e around 24(is too small and measurement of azimuthal asymmetry becomes ineffective for the polarimetry of linearly polarized photons for  energies greater than 1 GeV.

Using the developed M-C code we are planning to perform the full scale simulations of the triplet process.
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4. Revision and maintenance of pair spectrometer`s equipment and software. 

The work on the maintenance and improvement   of  software of existing 30-thy 

channel pair spectrometer PS-30 has been continued. As it has been mentioned in previous report a minor changes are necessary to adopt the existing  pair spectrometer  for polarimetry needs within IPP and CPP methods.

1. On-line software involves: 
 -  CB peak position setting, correction  and monitoring program PICCOR This program is always running  before full spectrum measurement, providing right positioning  of CB peak by angle tuning according the correspondence between peak energy and crystal angle . During on-line CB measurement and monitoring  90% of the time is spent to monitor the CB peak region while 10% for the flat part of the spectrum.     

 -  Measurement and mapping of PS-30 efficiency: EFFIC. Calibration is realized by means 

    of  fine step energy scan for each PS-30 channel over the acceptable energy range  using an

    amorphous  radiation of  known shape. Energy dependence of each channel then is

    parametrized   and  copied  to MAPEFF.DAT file.

  -  Full spectrum measurement: FULLSP.  Uses input data of each channel on total and random rate, efficiency, quantameter, fast monitors, on-line setting and control of analyzing magnet current .

2. Off-line software involves:
- Offline spectra processing( linking, summing and smoothing) : SPECUS
      -  CB spectrum polarization calculation using Fast Furie Transformation algorithm :POLARIZ
   or  simplified method one

All these programs use DATBOX – an active data file containing all current information on all kinematical  and other variables and  constants used for calculation and procedures and output of which is automatically  saved  in DATABOX. Information on the ordered parameters of CB spectrum: energy of electrons, CB peak energy, polarization vector orientation, range of  CB energies to measure, exposition time/quantameter, are manually introduced to  DATABOX as a new value of parameters. 

3. What is done?
 - Practically all software mentioned is checked and tested with corresponding apparatus, if    necessary.

 -  A new simplified and time saving version of efficiency  measurement  program has been written  and tested. FULLSP adopted to work with this version too.

 - Polarization calculation  algorithms have been carefully checked  and tested by  MC 

  data.  
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