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Abstract 

It was described one of possible version of 
experimental channel for proton beam with energy 9GeV 
for ITEP. It based on proton beam after quick extraction, 
on existing experimental hall and on existing 
quadrupoles. 

INTRODUCTION 
     For investigation of inner design of different target it is 
possible to use proton beam which can pass through the 
target and specific channel for transport scattered beam 
between the target and equipment for measurement shape 
of the beam at the end of the channel. Now in ITEP there 
is such channel for proton beam with energy 0.8GeV. 
This report is devoted to one of possible version of new 
channel on extracted from ITEPs synchrotron proton 
beam with energy 9GeV. New channel will be able 
investigate more thick targets with more high resolution.  

OPTICAL SOLUTION 
It was suggested to use optical scheme of channel 

with minimal angular sizes of the beam at the target, and 
with focus of the beam by two symmetrical parts (like 
triplets of quadruples). The first triplet focus initial 
(without scattering into the target) beam in middle point. 
Scattered beam can be collimated in this point according 
angle of scattering. The second triplet focus initial beam 
in both planes on equipment for measurement its profile 
with magnification -1. So, scattered in any point of the 
target proton beam will be focus at the equipment with 
magnification -1. It was suggested to use 8 quadrupoles 
ML15 (L=0.9m, D=0.15m, B<0.7Tl), which are free now 
in ITEP. Optical properties of the channel were calculated 
by TRANSPORT in second order.  

 

Figure 1.  Scheme of proton beam envelopes into the 
cannel for beam without scattering in the target 
 

 
Figure 2.  Scheme for beam envelopes for protons 
scattered in the target at angles 5mrad. 
 

R11=R33=-1.0    magnifications are -1.0 in both 
planes. R116=R336=10-6. Across sizes of the target have 
small influence on precision of measurements. 

Chromatic aberration, which has strong influence on 
resolution, can be estimated in both planes as 
multiplication of those coefficients on angular sizes X’ or 
Y’ of scattered beam and on momentum spread dP/P of 
the scattered beam. According of calculations R126 = 
R346 = 30m. For dP/P=10-3 and X’=Y’≤5mrad limit of 
resolution according of chromatic aberration is like 
0.15mm, for dP/P=10-4 and X’=Y’≤2mrad the same limit 
is like 0.006mm. Angular sizes of the beam in channel at 
measurement depend on initial angular sizes of the beam, 
on initial energy of protons, on properties of the target 
(length and material) and on collimation of the beam in 
middle point of the channel. 

PRELIMINARY TRANSPORT OF 
EXTRACTED BEAM 

   Extracted proton beam at energy 9GeV has momentum 
spread in interval 10-3 < dP/P < 10-4, its phase volumes are 
less 10mmmrad. If the target can change its properties 
quickly (10-6sec) steel window with thickness like 10mm 
must be installed on the beam direction in 1m after 303 
magnet of accelerator. Such window scattered protons on 
angles like 1mrad. At this condition sizes of beam for its 
transport to the target can be estimated 3mm*mrad < XX’ 
< 16mm*mrad. Input proton beam at the target must be 
with diameter like 60mm and with minimal angular sizes. 
4 existing quadrupoles 20K100 can be used for this aim. 
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Figure.3. Layout of total channel and synchrotron ITEP. 
 

LAYOUT OF THE CHANNEL 
Initial direction of extracted proton beam is not fare 

from existing channel 311. New channel can be designed 
together with its quadrupoles, collimators, target, 
correctors, devices and concrete walls without destroy of 
existing channel 313 with its experimental equipments. 
 

 
Figure.4. Scheme of proton beam envelopes into 
total channel for initial beam without of the target. 

 

ESTIMATION OF REAL RESOLUTION 
   Resolution of the channel depends on properties of the 
initial beam and the target strongly. In addition to 
chromatic aberration it is necessary take in account 
scattering protons into the target and length of the target, 
quality of a surface between of different part of the target 
and bends of this surface to beam direction, on 
possibilities of equipment for measurement shape of the 
beam, on quality of magnetic fields in all quadrupoles, on 
un stability of currents in all quadrupoles and mistakes at 
choosing optimal currants in all quadrupoles.  
    MK REVMOC [1] program was used for estimation 
resolution for different ideal targets (materials C, Fe, W 
and with length 2mm, 10mm, 30mm, 100mm. For each 
condition were calculated distribution protons by its 
momentum and its linear distribution in final point with 
steps 0.01mm. A few examples of calculations are shown 
on Figure 5 for Fe targets with different length and with 
rigid boundary between Fe and vacuum. Shape of 
decreasing intensity in point of boundary show ideal 
resolution of suggested channel.  
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               L=10mm  X'=0.5mrad 
          Momentum distribution 
      
    108000 |                                                                                                                          
    104000 |                                                                                                                          
    100000 |                                                                                                             88           
     96000 |                                                                                                             XX           
     92000 |                                                                                                             XX           
     88000 |                                                                                                             XX           
     84000 |                                                                                                             XX           
     80000 -                                                                                                             XX           
     76000 |                                                                                                             XX           
 C   72000 |                                                                                                             XX           
 O   68000 |                                                                                                             XX           
 U   64000 |                                                                                                             XX           
 N   60000 |                                                                                                             XX           
 T   56000 |                                                                                                  7          XX           
 S   52000 |                                                                                                 3X          XX           
     48000 |                                                                                                 XX          XX           
     44000 |                                                                                                 XX          XX           
     40000 -                                                                                                 XX          XX           
     36000 |                                                                                                 XX          XX           
     32000 |                                                                                                 XX          XX           
     28000 |                                                                                                8XX          XX           
     24000 |                                                                                                XXX          XX           
     20000 |                                                                                                XXX6         XX           
     16000 |                                                                                               6XXXX         XX           
     12000 |                                                                                               XXXXX         XX           
      8000 |                                                                                              9XXXXX        3XX3          
      4000 |                                                                                          1139XXXXXX3       XXXX          
         0 +|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------  
            888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888889999999999  
            ........................................................................................................................  
            888888888899999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999990000000000  
            999999999900000000001111111111222222222233333333334444444444555555555566666666667777777777888888888899999999990000000000  
            012345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890123456789  
                                                                  P  AT d0                                                            
            |---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------  
                                                                                                           12451         99           
                                                                                                        137479481       5995          
                                                                                                      2534653384011111111311          
                                                                                                    153543280087365545558067          
            000000000000000000000000000000000000000000000000000000000000000000000000000000000000003592085146831972020583622100000000  
            ........................................................................................................................  
                                                         BIN CONTENTS:  TOTAL =  388752.                                               
                       FIRST MOMENT=    8.994206          SECOND MOMENT=    0.005997 

 
 
           Linear distribution 
                               step 0.01mm      
                      resolution 0.01mm 
                            vacuum    Fe             
 
 
      5400 |                                                                                                                         
      5200 |                                                          X                                                               
      5000 |                                                          X6                                                              
      4800 |                                                         9XX                                                              
      4600 |                                                        6XXX                                                              
      4400 |                                                       2XXXX                                                              
      4200 |                                                      XXXXXX                                                              
      4000 -                                   3              5 86XXXXXX                                                              
      3800 |                      1     3   122X1 68343 78X935X6XXXXXXXX                                                              
 C    3600 |         21211X8771844X52696X888XXXXX9XXXXX9XXXXXXXXXXXXXXXX                                                              
 O    3400 |   X68787XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX        1  3  5122  2  31232                                  
 U    3200 |  1XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX       4X55X87XXXX9XXXXXXXXXX586715X5757 9421                 
 N    3000 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX     1XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX8XXXX2X88X8342        
 T    2800 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX    4XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX5       
 S    2600 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX   6XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX      
      2400 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX  9XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX2     
      2200 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 2XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX     
      2000 -  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX6XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX     
      1800 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX     
      1600 | 6XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX9    
      1400 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX    
      1200 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX    
      1000 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX    
       800 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX3   
       600 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX   
       400 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX   
       200 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX   
         0 +|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------  
            ------------------------------------------------------------000000000000000000000000000000000000000000000000000000000000  
            ........................................................................................................................  
            000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000  
            655555555554444444444333333333322222222221111111111000000000000000000011111111112222222222333333333344444444445555555555  
            098765432109876543210987654321098765432109876543210987654321012345678901234567890123456789012345678901234567890123456789 
                                                                  X  AT d0                                                            
            |---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------  
             133333333333333333333333333333333333333333333333333334444541222222333333333333333333333333333333333233332322222222221 
            5033333344444655545446545556555666865776665778766879922572990356890211211322211212222221011101111119100080999988865256   
             1292535432422054415781032825666134527155767350769926214170213728198200553013489490623539961410904046773140669667499385   
            044640866306045930602241265849728666072195610015550314001104882489060748405382187540956713390038217586746169081111081740 
                                                        BIN CONTENTS:  TOTAL =  388205    
  

    
 
 
 
 
 
 
 
 
 
 

      L=30mm  X'=0.5mrad  
              Momentum distribution  
             
     120000 -                                                                                                                          
    116000 |                                                                                                                          
    112000 |                                                                                                                          
    108000 |                                                                                                                          
    104000 |                                                                                                                          
    100000 |                                                                                                             66           
     96000 |                                                                                                             XX           
     92000 |                                                                                                             XX           
     88000 |                                                                                                             XX           
     84000 |                                                                                                             XX           
     80000 -                                                                                                             XX           
     76000 |                                                                                                             XX           
 C   72000 |                                                                                                             XX           
 O   68000 |                                                                                                             XX           
 U   64000 |                                                                                                             XX           
 N   60000 |                                                                                                             XX           
 T   56000 |                                                                                                             XX           
 S   52000 |                                                                                                             XX           
     48000 |                                                                                                             XX           
     44000 |                                                                                                             XX           
     40000 -                                                                                                             XX           
     36000 |                                                                                                             XX           
     32000 |                                                                                                             XX           
     28000 |                                                                                                             XX           
     24000 |                                                                         1                                   XX           
     20000 |                                                                        8X4                                  XX           
     16000 |                                                                       9XXX                                  XX           
     12000 |                                                                      9XXXX6                                 XX           
      8000 |                                                                    3XXXXXXX                                3XX3          
      4000 |                                                               11248XXXXXXXXX2                    1         XXXX          
         0 +|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------  
            888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888889999999999  
            ........................................................................................................................  
            888888888899999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999990000000000  
            999999999900000000001111111111222222222233333333334444444444555555555566666666667777777777888888888899999999990000000000  
            012345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890123456789  
                                                                  P  AT d0                                                            
            |---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------  
                                                                                  111211                                 99           
                                                                              13581590703                               5885          
                                                                          12497211770275861111111111111111111121111111112441          
                                                                       14643888361754816089676558766867889667909886988791170          
            000000000000000000000000000000000000000000000000000000010233000256814575732225745891137062945209805277476300090300000000  
            ........................................................................................................................  
                                                        BIN CONTENTS:  TOTAL =  332429.                                               
                  FIRST MOMENT=    8.986143          SECOND MOMENT=    0.018003 
                             P GeV/c 

 
 
                       Linear distribution 
                             step 0.01mm 
                    resolution 0.02mm 
                            vacuum    Fe 
 
 
      5400 |                                                                                                                          
      5200 |                                                       2                                                                  
      5000 |                                                     4 X X6                                                               
      4800 |                                                  268X6X8XX                                                               
      4600 |                                              1619XXXXXXXXX                                                               
      4400 |                                         32555XXXXXXXXXXXXX                                                               
      4200 |                                  1  27 3XXXXXXXXXXXXXXXXXX                                                               
      4000 -                                36XX8XX8XXXXXXXXXXXXXXXXXXX                                                               
      3800 |                        225158X8XXXXXXXXXXXXXXXXXXXXXXXXXXX                                                               
 C    3600 |     1      322 5428X987XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                               
 O    3400 |   68X6588X7XXX9XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX2                                                              
 U    3200 |  1XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                              
 N    3000 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                              
 T    2800 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                              
 S    2600 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                              
      2400 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                              
      2200 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                             5 43 51 433115363211254          
      2000 -  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                   324746936XXXXX9XX9XXXXXXXXXXXXXXX8         
      1800 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX            1 15687XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX5       
      1600 | 4XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX      24485XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX5      
      1400 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX943 65XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX3     
      1200 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX     
      1000 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX3    
       800 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX    
       600 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX    
       400 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX4   
       200 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX   
         0 +|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------  
            ------------------------------------------------------------000000000000000000000000000000000000000000000000000000000000  
            ........................................................................................................................  
            000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000  
            655555555554444444444333333333322222222221111111111000000000000000000011111111112222222222333333333344444444445555555555  
            098765432109876543210987654321098765432109876543210987654321012345678901234567890123456789012345678901234567890123456789  
                                                                  X  AT d0                                                            
            |---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------  
            13333333333333333333333333333333344344344444444444444454543111111111111111111111111111122122122122222222222222211111     
            4033433334344435445555566667787890090190223234545677870709232223344455666667778889899890190090090000010100000009775282   
            7115120650363480835985343920606511063366630901127416713701488601037850010192545383718510097579178662206253224975900667   
            026803838890066147201835658590776696472861649443417730890288776413937091312868698746105241660376450077651947338329013090  
            ........................................................................................................................  
                                                        BIN CONTENTS:  TOTAL =  332427.   

 
                                                  
 
 
 
 
 
 

        L=100mm  X'=0.5mrad  
         Momentum distribution 
 
         L=100mm  X'=0.5mr   
     75000 -                                                                                                                          
     72500 |                                                                                                                          
     70000 |                                                                                                                          
     67500 |                                                                                                                          
     65000 |                                                                                                   78                     
     62500 |                                                                                                   XX                     
     60000 |                                                                                                   XX                     
     57500 |                                                                                                   XX                     
     55000 |                                                                                                   XX                     
     52500 |                                                                                                   XX                     
     50000 -                                                                                                   XX                     
     47500 |                                                                                                   XX                     
 C   45000 |                                                                                                   XX                     
 O   42500 |                                                                                                   XX                     
 U   40000 |                                                                                                   XX                     
 N   37500 |                                                                                                   XX                     
 T   35000 |                                                                                                   XX                     
 S   32500 |                                                                                                  5XX4                    
     30000 |                                                                                                  XXXX                    
     27500 |                                                                                                  XXXX                    
     25000 -                                                                                                  XXXX                    
     22500 |                                      94                                                          XXXX                    
     20000 |                                     8XX                                                          XXXX                    
     17500 |                                     XXX6                                                         XXXX                    
     15000 |                                    8XXXX                                                         XXXX                    
     12500 |                                    XXXXX1                                                        XXXX                    
     10000 |                                   9XXXXXX                                                        XXXX                    
      7500 |                                  3XXXXXXX                                                       1XXXX                    
      5000 |                                 2XXXXXXXXX                                                      XXXXXX                   
      2500 |                              126XXXXXXXXXX721111111111111111111111111111111111111111111111111111XXXXXX                   
         0 +|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------  
            888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888899999999999999999999  
            ........................................................................................................................  
            999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999900000000000000000000  
            555555555555555555556666666666666666666677777777777777777777888888888888888888889999999999999999999900000000000000000000  
            001122334455667788990011223344556677889900112233445566778899001122334455667788990011223344556677889900112233445566778899  
            050505050505050505050505050505050505050505050505050505050505050505050505050505050505050505050505050505050505050505050505  
                                                                  P  AT d5                                                            
            |---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------  
                                                112211                                                        3663                    
                                            125949206041                                                     514404                   
                                          2549675639429763222222222222222222222222222222222222232222223322223123599                   
                                       13877016451223803226586756465433454762788766676747746799089955730987816235164                  
            000000000000000000000000023258059180446399521859473246683997091003163244552458418600300646726655217704830000000000000000  
            ........................................................................................................................  
                                                        BIN CONTENTS:  TOTAL =  347417.                                               
                         FIRST MOMENT=    8.987706          SECOND MOMENT=    0.015019 
 
 

         
                    Linear distribution 
                         step 0.01mm      
                resolution 0.06mm 
                         vacuum    Fe             
 
 
          step 0.01mm      
         resolution 0.06mm 
         vacuum        Fe             
      4500 -                                                                                                                          
      4350 |                                           3        14                                                                    
      4200 |                                   5  63335X 8192145XX9                                                                   
      4050 |                         42717 7X96XX8XXXXXXXXXXXXXXXXX3                                                                  
      3900 |             1   51 25 53XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                                  
      3750 |          88 X94XXX8XX9XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX3                                                                 
      3600 |      3 X6XX5XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                                 
      3450 |    26X8XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                                 
      3300 |   XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                                 
      3150 |   XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX1                                                                
      3000 -  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                                
      2850 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                                
 C    2700 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                                
 O    2550 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                                
 U    2400 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX3                                                               
 N    2250 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                               
 T    2100 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                               
 S    1950 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                               
      1800 |  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                               
      1650 | 1XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                               
      1500 - XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX5                                                              
      1350 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                              
      1200 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                              
      1050 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                              
       900 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX1                                                             
       750 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                                                             
       600 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX6                                                            
       450 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX622 1        1          2     1    1 2  12  1111  2 1       
       300 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX9X9998998XXX8XX799997X9X9XXX9899XXX98XX7XXXXXXXX9X882    
       150 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX4   
         0 +|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------  
            ------------------------------------------------------------000000000000000000000000000000000000000000000000000000000000  
            ........................................................................................................................  
            000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000  
            655555555554444444444333333333322222222221111111111000000000000000000011111111112222222222333333333344444444445555555555  
            098765432109876543210987654321098765432109876543210987654321012345678901234567890123456789012345678901234567890123456789  
                                                                  X  AT d0                                                            
             |---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------|---------  
             13333333333333333333333333434344434444444444444444444433321                                                              
             502334465775776787778787990909000910011111201010011221960247533323222222223223322222232322232222333223323333323323221    
             2093991042136365362823296301000439342400025467986030684319264932818887886919700688796390899177981028713601211903917675   
             002803860219152061103696747179398861807200413811616185259128155453934674846760030509100160330862060577102402155300324430 
             ........................................................................................................................  
                                                        BIN CONTENTS:  TOTAL =  239290.    

 
 

Figure 5. Calculated momentum distributions and linear 
distributions of the beam in point of measurement for Fe-
vacuum targets with different length (10mm, 30mm, 100 
mm).  
 
 
 
 
 

 

CONCLUSIONS 
Resolution of the channel better 0.01mm can be 

useful only for targets with length less 30mm.  
Suggested on base of free in ITEP quadrupoles 

channel can be suitable for investigation targets without 
or with quick changes of the targets properties.   
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