
TRIUMF UNIVERSITY OF ALBERTA EDMONTON, ALBERTADate 2000/06/30 File No. TRI-DNA-00-2Author GM Stinson Page 1 of 12Subject On the production of a hollow beam spot at the beam line 2A target1. IntroductionBeam line 2A at TRIUMF is designed to deliver 100 �A of 500 MeV protons to the target locations of theISAC facility. Some years ago, it was suggested that the power density on a target at such beam currentscould make it di�cult to cool the target adequately. The question arose as to whether it was possible tosweep the beam in a circular motion at the target in order to distribute the heat load more evenly.Recently, it was noted that while steering the beam across the target higher yields were obtained when thebeam had been steered close to the edges of the target 1). It is presumed that this was because reactionproducts produced near the target edges found it easier to di�use out of the target than those producedin its interior. Consequently, the question of steering the beam around the periphery of the target aroseagain. In particular, the possibility of producing a hollow beam spot|a doughnut-shaped beam spot|atthe target was raised again.This report presents a study of this latter question.2. Considerations in the production a hollow beamBeam line 2A was designed to produce a nominal beam size of �2.5 mm in each of the horizontal andvertical planes at the (existing) west target location At the same time, the design speci�ed a spatiallyachromatic beam spot (R16 = 0; R26 6= 0) at the target. A detailed description of the optics of beam line2A is given in ref 2).Existing targets of the ISAC facility have a diameter of approximately 18 mm. For this study it was decidedto locate an AC x-y steering magnet 0.63 m upstream of the second 15� bending magnet of the beam line.The x- and y-windings would be powered 90� out of phase and their excitations would be adjusted suchthat the outer edge of the beam was approximately 9 mm from the target center.The SHIFT option of the program REVMOC 3) was used to simulate the action of the steerer. This optionapplies speci�ed impulsive shifts to any or all of the (geometric) phase-space coordinates. It was foundthat de
ections of �max = 1:65 mr horizontally and �max = 2:15 mr vertically were required to provide therequired horizontal and vertical de
ections at the target center. These are illustrated in �gures 1 and 2.Note: The REVMOC outputs shown in these �gures (and the other distributions shown in this report)are two-dimensional (x-y) number distributions of the beam pro�les calculated at the target center.For those unfamiliar with this output, the horizontal coordinates of beam particles in centimetersare obtained by reading down along the lower horizontal axis of each �gure. Similarly, the verticalcoordinates of beam particles, again in centimeters, are read along the left vertical axis. Numbersacross the upper horizontal axis are the projections of the beam on the horizontal axis|that is, eachnumber is the sum of all the numbers in a vertical column above a given horizontal position. Thusthis is the horizontal distribution that one would expect to see read out from a wire chamber placedat the target center. In a similar manner, the numbers along the right vertical axis indicate theexpected vertical distribution that would be seen there.Figures 1 and 2 were generated by including only scattering caused by the stripper foil. The e�ects ofscattering caused by windows in the beam line was not included in these calculations. Figure 1 shows that



Page 2 of 12 File No. TRI-DNA-00-2with a horizontal angular shift of 1.65 mr the horizontal beam centroid is shifted approximately 7 mm(from x = 0 to x = 7:2 mm). The outer edge of the beam then lies at the edge of the target (x � 9 mm)and the inner edge (x � 5 mm). Similar e�ects are shown in �gure 2 in the shift in the vertical position ofthe beam when a 2.15 mr vertical shift is applied.The e�ect of this (simulated) steering magnet was then obtained by setting its angular de
ections, ��(horizontal) and �� (vertical), to �� = �max sin��� = �max cos� 9>=>; 0��� 350�with steps in � of 10�. To conserve both computation time and computer memory, only 5,000 particleswere traced at each value of �. At the end of each individual run the computed coordinates of particles atthe target center were output. When the complete angular range of � had been completed, a �nal run wasmade in which the computed coordinates were used as input.3. Foil-scattering only|an idealized caseThe �rst runs were made with the inclusion of scattering in the stripper foil only. Thus any protectivewindows in the beam line were ignored. In this case it was found that no loss of particles due to scatteringwas predicted in any of the 36 individual runs. Thus the �nal run comprised a total of 36�5,000 = 180,000particles.Figure 3 shows the predicted beam pro�le at the target center that results from the action of the steeringmagnet. It is important to remember that only scattering in the stripper foil has been taken into accountin the production of this data. We consider a more realistic case in the next section.However, from the results shown in �gure 3 we may conclude that in principle it is feasible to producean annular beam spot at the primary proton targets in beam line 2A. The idea of using an AC steeringmagnet to produce such a beam is, in fact, quite plausible.4. A realistic beam lineWhile the results indicated in x3 above are valid for a beam line that does not have windows in the beampath, they are not a true representation of beam line 2A. This is because a 0.005 inch-thick aluminumwindow is located downstream of the last two quadrupoles of the beam line to isolate the beam-linevacuum from that of the target monolith. In addition there is a 0.010 inch-thick copper window at theentrance of the target vessel itself. Each of these windows will cause scattering of the incident primaryproton beam. These e�ects are illustrated in �gures 4 and 5.Figure 4 shows the predicted beam pro�le at the center of the target when scattering in the stripper foilonly is taken into account and no steering is applied. Figure 5 shows the predicted pro�le with scatteringin the stripper foil and in the aluminum and copper windows included and, again, no steering applied. Ineach case a total of 150,000 particles was traced from the stripper foil to the target.From �gure 4 it is seen that virtually all of the beam is predicted to lie within the design goal of a beamspot diameter of 5 mm. A clean, well-de�ned beam spot is predicted if scattering could be limited onlyto that occurring in the stripper foil. On the other hand, �gure 5 shows the e�ects of the aluminum andcopper windows. The predicted beam spot is somewhat di�use and a a signi�cant portion of the beam liesoutside the design diameter. The additional scattering caused by the windows creates a signi�cant beamhalo. For all practical purposes, the beam diameter at the target center is 5 mm if only foil scattering is



File No. TRI-DNA-00-2 Page 3 of 12taken into account. The beam size is roughly doubled when scattering in the aluminum and copper windowsis also included. If we assume that the horizontal and vertical coordinates are independent, we can calculatethe probability that beam particles lie outside a 5 mm diameter from the number distributions predicted in�gure 5. From these we �nd that 4.8% of the particles have horizontal coordinates larger than �2.55 mm.Similarly, 7.7%, have their vertical coordinates larger than that value. We haveP (jxj > 2.55 mm and jyj > 2.55 mm) = P (jxj > 2.55 mm) + P (jyj > 2.55 mm)� P (jxj > 2.55 mm)P (jyj > 2.55 mm)= 0:048+ 0:077� 0:048(0:077)= 0:122and thus some 12% of the beam is predicted to be scattered outside of the nominal beam size by thewindows in the beam line. However, although not shown here, it is also predicted that virtually all of thebeam is within the target diameter of 18 mm.As noted above, �gures 4 and 5 were produced by tracing 150,000 particles through the beam line. It wasalso noted that only 5,000 particles were traced for each run used to generate the coordinates of an annularbeam. The upper portion of �gure 6 shows the predicted beam spot when only 5,000 particles are tracedthrough the beam line with stripper-foil scattering only. It is then equivalent to �gure 4. Similarly, thelower portion of the �gure shows the predicted beam spot with scattering in the stripper foil and in thewindows included but with only 5,000 particles traced through the beam line. It is then equivalent to �gure5. Figure 6 is included in order to show that the predictions obtained when tracing a smaller number ofparticles do not di�er signi�cantly from those obtained when a much larger number of particles are traced.Indeed, if the number distributions from the lower portion of the �gure are used and the above procedureto calculate the percentage of beam lying outside the nominal design diameter is followed, we obtainP (jxj > 2.55 mm and jyj > 2.55 mm) = 0:0486+ 0:0720� 0:0486(0:0720)= 0:117;a value consistent with that calculated above.The consequence of the additional scattering from the windows will be to increase the overall beam diameterat the target, and to �ll in the hole in the beam that was shown in �gure 3. This result is shown in �gure 7.Although the full extents of the horizontal and vertical scales are the same (�1.24 cm �x or y�+1.24 cm),the minor divisions along the axes are di�erent (�y� 0.605 mm and �x = 0.8 mm). This is also true in�gure 3 and has been done in order to make the physical extents of the horizontal and vertical scales thesame, thus allowing a true representation of a circular spot to be portrayed.Figure 7 was produced following the procedures outlined in x2 above except, in this instance, that thealuminum and copper windows were included in the calculation. From this �gure it is immediately clearthat the central hole of �gure 3 has begun to �ll in. Further, it is clear that a portion of the beam ispredicted to lie outside the target diameter of 18 mm. Again assuming that the horizontal and verticalcoordinates are independent and taking jxj� 0.92 cm and jyj� 0.94 cm as de�ning the outer extent of thetarget, we haveP (jxj > 9.2 mm and jyj > 9.4 mm) = P (jxj > 9.2 mm) + P (jyj > 9.4 mm)� P (jxj > 9.2 mm)P (jyj > 9.4 mm)= 0:01856+ 0:00904� 0:01856(0:00904)= 0:0274:



Page 4 of 12 File No. TRI-DNA-00-2Thus this study predicts that some 3% of the beam would be outside of the target dimensions. Roughlyspeaking, this fraction of the beam would be uniformly distributed around the target perimeter and wouldstrike portions of the target support mechanism.If the primary proton beam current were 100 �A, the above implies a distributed spill of some 3 �A. Thequestion then arises as to whether such spills can be tolerated by the target support. Should this prove tobe a problem, there are (at least) two solutions. The �rst would be to reduce the amount of steering. Thiswould have the e�ect of more completely �lling in the hole at the beam center. However, a majority of thebeam would still remain relatively close to the perimeter of the target, thus providing a shorter di�usionpath to its edge and, consequently, improving the collection of the radioactive species that are produced.A second solution would be to increase the target diameter from 18 mm to, say, 24 mm. Then, if we assumethat the particles in its four outer bins of �gure 7|that is, the horizontal bins with 109 and 143 countsand the vertical bins with 129 and 90 counts|miss the target, the above procedure can be reapplied toobtain an estimate of how much beam strikes the target support mechanism. We haveP (jxj > 12 mm and jyj > 12 mm) = P (jxj > 12 mm) + P (jyj > 12 mm)� P (jxj > 12 mm)P (jyj > 12 mm)= 0:00140+ 0:00122� 0:0140(0:00122)= 0:00262:Thus, by increasing the target diameter by 30%, we have reduced the fraction of the beam missing thetarget by a factor of 10.5. DiscussionThis report has presented a study of the feasibility of producing a hollow beam at the target locations onbeam line 2A. It has been shown that, in principle, this is possible. However, from a practical point ofview, it has also been shown that the hole in the beam will be �lled in because of scattering caused by thealuminum and copper windows upstream of the targets.The scattering caused by the windows in the beam line will also produce an overall beam size that is largerthan the (existing) targets. Should this cause problems, two possible solutions|an increase in the diameterof the target or a decrease in the amount of steering|have been presented. Section 4 gives some of thepros and cons of these possibilities.It was also pointed out that to produce the results presented here di�erent amounts of steering wererequired in the horizontal and vertical planes. This in itself is not a problem, but it is to be noted that thelocation of the steering elements in this study was not optimized. Rather, the steering was inserted in the�rst available space upstream of the targets. Consequently, should it be decided to attempt to produce ahollow beam on this beam line, the locations of the steering elements should be optimized.As to the size of the steering elements that are required, a rough answer can be given. Because of the smallde
ection received by a particle in a steering magnet, we may ignore the di�erence between the arc length,s, along the trajectory of a particle that passes through a steerer and the straight-line e�ective length,Leff , of the magnet. Then, if (B�)0 is the magnetic rigidity of a beam particle, and � and B the radius ofcurvature and the magnetic �eld, respectively, in the steering element, we have for an angular de
ection �s = Leff = �� = (B�)0B � = 33:356pB �with p the particle momentum in GeV/c.



File No. TRI-DNA-00-2 Page 5 of 12Because these steering magnets would be AC powered, their yokes would probably have to be laminated.Ignoring this or, equivalently, assuming that the driving frequency is su�ciently low that eddy currente�ects need not be considered, we can use the parameters of existing steering magnets at TRIUMF to geta size estimate. Thus, for the standard 4 inch steering magnets we have from measured dataLeff = 9:87 inches = 0:2507 m and Bmax = 1:5 kG.Thus such a magnet could de
ect a 500 MeV proton through� = 0:2507(1:5)33:356(1:09007) = 10:34 mrat full power. This is a factor of four larger than required. Similarly, the AECL x-y steering magnets havea measured e�ective length of Leff = 10.07 inches (0.2558 m). Using this e�ective length and the measured�elds, we tabulate below the predicted amounts of steering.I (A) 3 3.5 4 4.5 5B (kG) 0.27 0.31 0.36 0.40 0.44� (mr) 1.90 2.20 2.51 2.81 3.09From tests at TRIUMF it is known that these steerers overheat if they are operated at 5 A DC for a periodof over an hour. However, continuous operation at a current of 3 A DC causes no problem. Consequently,if these steerers are capable of continuous operation at 3.5 A DC, they would produce the required amountof steering.From the above considerations we may conclude that the size of the required AC steering magnets wouldbe similar to that of the standard 4-inch and the AECL steering magnets.References1. P. Bricault, Private communication, TRIUMF, May, 2000.2. G. M. Stinson, Further revision of the optical design of beam line 2A, TRI-DNA-98-2, TRIUMF,February, 1998.3. C. Kost and P. Reeve, REVMOC: A Monte Carlo Beam Transport Program, TRI-DN-82-28, TRIUMF,1982.Note added in proof. As this note was being concluded, the author was made aware of two steeringmagnets that were used on the Van de Graa� that was at the University of Alberta. These are cylindricalx-y steerers, constructed with laminated yokes and with sinusoidally distributed windings, that (nominally)operate at 20 Hertz. Their apertures are adequate for our purposes; their speci�cations are as follows.Aperture diameter 3.04 inches Maximum �eld 0.13 kGVacuum chamber clearance diameter 2.60 inches Maximum power 15 V 3.5 AOverall diameter 8.00 inches Unipolar power supply 15 V 3.5 AOverall length 11.65 inches Bipolar power supply �36 V 5 AE�ective length 11.52 inches Inductance 0.32 HenryBased on these numbers and the above formalism, one of these steerers would produce a de
ection of1.07 mr. Consequently, two magnets in series would produce the required de
ections. It is claimed thatthe �eld integral is constant to �0.4% over 95% of the clearance aperture (2.60 inches) and that the x-�eldstrength at maximum setting is a�ected less than 2% by a zero to maximum variation of the y-�eld.



Page 6 of 12 File No. TRI-DNA-00-200/06/07 - 2A AT 500 MEV - FINAL Leff - 1.65 mr X-steeringSpace # 2: Distribution of particles as a function of X AT TGTCL (Element #127) (along HORIZONTAL axis)& Y at TGTCL (Element #127) (along VERTICAL axis)REAL! Distribution of FINAL RUN FOUND HERE COUNTS = 19998.0X PROJECTION1 1 1 1 1 1 1 1 1 11 2 4 5 7 9 0 2 3 4 5 5 4 3 3 0 9 8 6 4 2 11 6 2 8 0 5 6 2 6 4 4 7 1 6 2 7 5 9 7 0 5 2 7 6 7 11 2 3 6 1 9 5 7 4 7 7 1 3 2 1 6 3 7 2 7 6 0 5 6 8 9 3 6 7 2 2+--|--------------|--------------|--------------|--------------|--------------|--------------|+0.2900 - 1 1 - 20.2700 | 1 1 1 | 30.2500 | 1 2 1 1 2 1 2 1 4 1 1 2 | 190.2300 | 2 3 4 4 5 1 9 5 4 3 4 7 4 1 2 2 | 600.2100 | 1 1 2 3 3 5 6 7 6 15 7 10 13 8 6 12 10 8 5 4 4 3 1 | 1400.1900 | 1 1 8 5 7 9 18 11 19 21 24 19 16 20 18 18 20 12 6 8 8 5 3 1 | 2780.1700 | 1 3 3 8 9 11 16 21 25 22 30 25 34 32 32 21 22 21 15 12 7 14 3 1 1 | 3890.1500 | 3 2 10 14 18 18 24 36 39 39 35 39 51 34 37 33 26 34 12 19 8 13 4 5 | 5530.1300 | 3 2 8 8 19 25 37 43 38 42 56 61 69 52 54 56 33 26 26 19 16 6 4 4 1 1| 709Y 0.1100 | 2 7 12 24 22 33 40 39 57 68 51 68 74 61 54 50 54 32 34 34 19 12 9 3 | 859 Y0.9000E-01 - 1 6 8 25 27 39 48 56 71 71 69 63 71 74 81 66 44 52 43 26 24 12 8 6 2 - 9930.7000E-01 | 1 3 9 14 26 37 52 57 58 74 63 99 91 89 79 64 79 69 53 58 43 29 20 9 4 1 | 1181 PA 0.5000E-01 | 1 1 7 6 20 24 36 52 60 65 86 79 95101100 89 93 87 64 53 54 38 26 21 13 4 1 | 1276 RT 0.3000E-01 | 7 13 25 30 43 51 60 75 82103105115104106 86 85 75 67 52 44 27 16 7 5 1 | 1384 O0.1000E-01 | 5 8 18 28 50 58 57 69 94 89 96119108 90 84 96 67 59 52 49 27 17 12 5 2 | 1359 JT -.1000E-01 | 1 3 3 8 26 34 42 51 60 70 89 92118112120103102 97 91 76 68 43 33 20 9 5 1 1 | 1478 EG -.3000E-01 | 6 12 19 30 41 53 78 78 97 81 98 96 98101 97 90 69 73 43 47 24 19 16 4 | 1370 CT -.5000E-01 | 1 3 3 12 15 23 39 54 66 81 79103 94112115 99 96 87 76 59 58 50 26 20 14 5 2 | 1392 TC -.7000E-01 | 2 7 26 21 35 55 54 67 56 87 91 78 90 88 79106 68 61 53 51 34 18 7 1 1 | 1236 IL -.9000E-01 | 1 3 12 16 25 28 44 58 68 60 85 73 89111 86 90 75 69 57 48 42 23 11 8 10 1 | 1193 O-.1100 - 1 1 5 3 13 18 24 41 33 56 82 79 87 74 69 70 71 69 61 52 41 38 26 16 5 5 3 - 1043 N-.1300 | 2 4 4 12 16 25 42 47 49 54 55 68 63 64 72 62 64 44 64 47 25 14 12 7 4 1 | 921-.1500 | 1 5 9 21 14 24 36 38 50 43 59 61 44 59 46 48 45 30 26 26 14 5 3 3 | 710-.1700 | 1 2 6 6 12 11 18 27 31 30 39 43 40 39 43 32 38 31 36 25 10 12 9 6 | 547-.1900 | 1 1 1 6 4 10 18 19 21 23 26 28 29 27 28 36 35 24 16 17 9 11 3 8 | 401-.2100 | 1 5 3 8 7 9 11 17 22 19 24 28 19 23 19 17 14 7 8 4 4 5 | 274-.2300 | 2 1 4 1 5 4 5 10 11 13 11 8 16 11 10 10 7 4 4 1 1 | 139-.2500 | 1 1 1 6 2 4 5 3 5 9 2 2 4 2 2 4 5 3 2 2 | 65-.2700 | 1 1 1 1 1 1 2 3 2 1 1 1 1 | 17-.2900 | 1 1 1 1 1| 5-.3100 - 1 1 - 2+--|--------------|--------------|--------------|--------------|--------------|--------------|+. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4 4 5 5 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 8 8 8 8 8 8 8 9 9 9 98 9 1 3 4 6 7 9 1 2 4 5 7 9 0 2 3 5 7 8 0 1 3 5 6 8 9 1 3 4 62 8 4 0 6 2 8 4 0 6 2 8 4 0 6 2 8 4 0 6 2 8 4 0 6 2 8 4 0 6 2X AT TGTCLFig. 1. The horizontal shift predicted by a 1.65 mr (horizontal) steering magnet.



File No. TRI-DNA-00-2 Page 7 of 1200/06/07 - 2A AT 500 MEV - FINAL Leff - 2.15 mr Y-steeringSpace # 3: Distribution of particles as a function of X AT TGTCL (Element #127) (along HORIZONTAL axis)& Y at TGTCL (Element #127) (along VERTICAL axis)REAL! Distribution of FINAL RUN FOUND HERECOUNTS = 19998.0X PROJECTION1 1 1 1 1 1 1 1 1 1 11 2 5 7 0 3 5 6 9 9 8 7 5 2 0 7 4 23 0 7 0 0 3 2 1 8 0 2 1 0 6 8 4 7 5 4 9 10 0 1 2 3 2 3 5 1 6 1 9 9 2 6 3 0 1 0 2 4 3 2 4 9 6 2 2 0 0 0+--|--------------|--------------|--------------|--------------|--------------|--------------|+0.9430 - 1 1 1 2 2 1 1 1 - 100.9250 | 1 2 1 1 1 4 3 2 4 1 2 2 2 | 260.9070 | 3 2 6 4 6 4 7 6 4 4 8 2 1 1 1 | 590.8890 | 1 1 2 3 4 5 9 4 16 13 12 10 6 14 9 11 4 5 2 | 1310.8710 | 1 5 6 9 15 15 19 25 27 22 17 21 21 18 6 7 8 3 2 | 2470.8530 | 1 5 8 5 16 17 30 23 30 29 36 32 22 19 22 11 15 7 1 1 | 3300.8350 | 3 4 12 22 18 32 37 40 36 47 45 39 32 34 19 13 13 5 3 | 4540.8170 | 1 3 7 16 26 29 37 49 48 52 54 59 40 37 33 25 21 11 10 4 1 1 | 5640.7990 | 1 1 6 22 23 42 59 47 54 76 81 63 68 52 49 34 29 13 6 5 | 731Y 0.7810 | 2 5 13 16 27 39 49 74 89 64 75 85 67 65 52 35 33 23 8 8 2 | 831 Y0.7630 - 7 5 30 38 52 61 72 74 97 80 94 91 69 62 51 38 20 15 5 - 9610.7450 | 1 10 15 23 37 53 76 83 80121106 85 86 96 63 69 46 26 11 6 1 | 1094 PA 0.7270 | 1 2 9 11 34 52 62 77 95 83111108105 98 86 54 60 39 26 18 6 | 1137 RT 0.7090 | 1 8 25 34 47 63 77 95122122120122 90 92 78 67 46 26 10 7 1 | 1253 O0.6910 | 1 9 15 31 48 72 78 98108119128104109 91 63 61 50 21 17 4 2 | 1229 JT 0.6730 | 1 3 4 22 38 51 60 78 90 96127132112103112 84 79 44 30 15 8 1 1 | 1291 EG 0.6550 | 3 7 23 32 42 73 87116103115125110114 98 83 68 45 27 14 4 | 1289 CT 0.6370 | 1 2 4 13 25 49 69 93 94100110126 96101 81 89 56 54 25 21 6 2 | 1217 TC 0.6190 | 2 7 22 25 45 63 71 86105117100115101 97 79 55 55 33 14 1 | 1193 IL 0.6010 | 1 4 18 25 38 51 73 64 87112111115101 96 75 61 59 21 11 4 1 | 1128 O0.5830 - 3 8 18 28 26 49 70 82 93 93105 81 78 81 75 48 37 17 8 13 2 1 - 1016 N0.5650 | 1 2 3 5 20 34 41 64 65 71 84 81 73 79 71 54 53 41 21 11 3 1 | 8780.5470 | 5 2 14 15 27 50 63 57 71 71 75 79 71 67 64 49 27 19 7 3 1 | 8370.5290 | 1 8 21 13 31 48 55 48 61 57 67 47 52 39 31 27 13 4 3 | 6260.5110 | 4 8 17 8 29 33 38 48 46 45 46 37 49 35 29 9 12 8 1 | 5020.4930 | 1 2 5 6 12 23 24 24 38 30 31 38 45 28 32 25 10 9 10 | 3930.4750 | 3 4 13 9 13 20 27 32 26 25 30 12 18 7 12 6 3 1 | 2610.4570 | 1 3 3 3 10 11 12 12 22 14 20 17 12 14 5 3 3 1 | 1660.4390 | 1 1 1 2 4 5 3 14 9 9 5 12 9 4 2 7 5 3 | 960.4210 | 1 1 1 4 4 1 4 6 2 2 1 1 3 1 | 320.4030 - 2 1 1 2 1 1 3 2 1 1 1 - 16+--|--------------|--------------|--------------|--------------|--------------|--------------|+- - - - - - - - - - - - - - - - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3 2 2 2 2 2 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 2 2 2 2 21 9 7 5 3 1 9 7 5 3 1 9 7 5 3 1 1 3 5 7 9 1 3 5 7 9 1 3 5 7 9X AT TGTCLFig. 2. The vertical shift predicted by a 2.15 mr (vertical) steering magnet.



Page 8 of 12 File No. TRI-DNA-00-200/06/07 - 2A AT 500 MEV - Circular spot - NO Windows - 1.65 mr X + 2.15 mr YDistribution of particles INITIALLY ACCEPTEDSpace # 2: Distribution of particles as a function of X AT TGTCL (Element # 2) (along HORIZONTAL axis)& Y at TGTCL (Element # 2) (along VERTICAL axis)COUNTS = 180000.X PROJECTION1 1 1 1 1 11 6 2 3 0 8 7 6 6 6 6 6 6 6 6 6 7 8 0 3 2 6 13 6 4 3 6 5 4 9 7 3 2 3 2 3 5 9 5 4 4 3 4 9 63 8 6 0 6 7 2 4 4 2 2 1 0 6 9 6 2 5 0 6 9 7 0 1 20 0 0 8 7 3 0 9 4 1 7 5 6 6 1 6 1 0 0 3 8 9 7 8 2 6 7 6 0 0 0+--|--------------|--------------|--------------|--------------|--------------|--------------|+1.180 - - 01.119 | | 01.059 | | 00.9980 | | 00.9376 | 2 3 4 2 1 | 120.8771 | 1 3 15 30 44 45 43 33 15 10 2 | 2410.8166 | 1 17 67106169199206199163117 58 30 3 | 13350.7561 | 7 44125217333379413456429380314214115 52 14 1 | 34930.6956 | 7 55167309449529588580629581558516431328150 54 12 | 59430.6351 | 5 53175377516596698648666660652718657639506358172 58 4 | 81580.5746 - 1 29151359563700707660623579564598606674706726546356152 40 3 - 93430.5141 | 9 94322594744704619552460422399440435541662741765560311 97 12 | 94830.4537 | 1 41216525736777618492336219171166167253312472615832769503208 42 3 | 84740.3932 | 9 95368699868653437251112 46 29 25 17 45123204450643868706389109 8 | 7154Y 0.3327 | 23187565860733481216 55 22 1 3 11 59200467785862562176 23 1 | 6292 Y0.2722 | 41316732885635292 63 17 5 54253628945718334 50 | 59680.2117 | 1 80417847797481119 14 1 11 94432842869430 78 2 | 5515 PA 0.1512 | 3122559928753321 24 3 1 31271777947546139 1 | 5426 RT 0.9073E-01 | 6132641944684189 19 7160665928689163 7 | 5234 O0.3024E-01 | 7210705938607134 2137590973672226 3 | 5204 JT -.3024E-01 - 8172723965602111 1 96559936761223 5 - 5162 EG -.9073E-01 | 4211693945591131 5 3125598953680220 5 | 5164 CT -.1512 | 6142662951672187 7 7151646938703180 1 | 5253 TC -.2117 | 1116572953713298 36 3 1 39293727935559143 1 | 5390 IL -.2722 | 2 74438862886401124 17 1 11117410863840478 89 | 5613 O-.3327 | 37295789870606227 63 11 1 8 66229624862734329 45 | 5796 N-.3932 | 13177569908773463196 68 19 4 3 1 1 3 15 72199443758873577230 18 | 6383-.4537 | 3 89369734861626393218104 49 27 26 28 47 91220409647803726410105 8 | 6993-.5141 | 1 35211517825776601418329220174153177223313448619780758514262 31 1 | 8386-.5746 | 7 83347579814732620499433365385369436535611706736580380116 15 | 9348-.6351 - 1 32133377585727718701611550590584615625709727569392164 25 2 - 9437-.6956 | 5 47187371543629683647674635640676648631535390205 47 11 | 8204-.7561 | 5 46186317481546608594631607577555467337201 54 14 | 6226-.8166 | 1 5 34115251335405462441480402361228138 39 11 1 | 3709-.8771 | 5 16 54135159214233205177121 65 31 6 1 | 1422-.9376 | 1 3 11 27 43 58 39 38 15 3 | 238-.9980 | 1 | 1-1.059 | | 0-1.119 | | 0-1.180 | | 0-1.240 - - 0+--|--------------|--------------|--------------|--------------|--------------|--------------|+- - - - - - - - - - - - - - - -1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2 1 0 0 9 8 7 6 6 5 4 3 2 2 1 0 0 1 2 2 3 4 5 6 6 7 8 9 0 0 14 6 8 0 2 4 6 8 0 2 4 6 8 0 2 4 4 2 0 8 6 4 2 0 8 6 4 2 0 8 6X AT TGTCLFig. 3. The hollow beam predicted at the (west) target center by the steering magnet. Foil scatteringOnly is included.



File No. TRI-DNA-00-2 Page 9 of 1200/06/07 - 2A AT 500 MEV - FINAL Leff - Stripper foil ONLYREAL! Distribution of FINAL RUN FOUND HERESpace # 4: Distribution of particles as a function of X AT TGTCL (Element #127) (along HORIZONTAL axis)& Y at TGTCL (Element #127) (along VERTICAL axis)COUNTS = 149987.X PROJECTION1 1 2 2 2 1 11 4 8 2 7 0 1 0 7 3 8 31 2 0 3 9 3 4 4 3 3 1 2 8 91 2 1 7 9 7 4 1 1 6 6 5 3 2 8 70 0 0 0 2 0 8 0 0 7 4 9 7 5 4 4 3 4 1 3 0 8 3 9 4 2 0 0 0 0 0+--|--------------|--------------|--------------|--------------|--------------|--------------|+0.4350 - - 00.4050 | | 00.3750 | 1 | 10.3450 | 1 | 10.3150 | 1 1 1 1 1 | 50.2850 | 1 1 | 20.2550 | 1 3 11 12 16 20 20 14 12 5 4 1 | 1190.2250 | 6 29 50 61 78105105 99 80 71 38 23 7 1 | 7530.1950 | 1 3 24 65123179265327313301276200127 76 9 | 2289Y 0.1650 | 2 29107221380533640677600493406249117 31 6 1 | 4492 Y0.1350 - 6 63202390597816951***922786601397175 41 3 3 - 70160.1050 | 1 8 79288585839***************834548250 64 7 1 | 9819 PA 0.7500E-01 | 1 11102326690*********************682322 90 7 | 12261 RT 0.4500E-01 | 1 1 9124399799*********************765363107 8 | 14305 O0.1500E-01 | 1 1 1 11142415866*********************850401113 1 1 | 15680 JT -.1500E-01 | 1 2 15121461965*********************894394 98 6 1 | 16310 EG -.4500E-01 | 2 11125410859*********************885402106 8 1 | 15668 CT -.7500E-01 | 1 14108364796*********************832357100 7 1 1 | 14234 TC -.1050 | 3 1 7102356712*********************658311 69 6 | 12327 IL -.1350 | 7 77255563850***************909503249 68 4 1 | 9792 O-.1650 - 1 1 2 58180378623832******978854655365166 32 4 1 - 7164 N-.1950 | 6 35128245388498577650675540388247112 31 1 1 | 4522-.2250 | 5 13 64102191271287314326277217130 68 19 3 | 2287-.2550 | 3 9 21 40 63 96110117106 90 72 53 24 1 | 805-.2850 | 3 10 9 8 16 27 14 17 9 4 4 1 1 1 | 124-.3150 | 3 1 1 | 5-.3450 | 1 1 2 | 4-.3750 | 1 | 1-.4050 | | 0-.4350 | | 0-.4650 - 1 - 1+--|--------------|--------------|--------------|--------------|--------------|--------------|+- - - - - - - - - - - - - - - - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4 4 4 3 3 3 2 2 2 1 1 1 1 0 0 0 0 0 0 1 1 1 1 2 2 2 3 3 3 4 46 3 0 7 4 1 8 5 2 9 6 3 0 7 4 1 1 4 7 0 3 6 9 2 5 8 1 4 7 0 35 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5X AT TGTCLFig. 4. The e�ect of the stripper foil on the beam spot at the target center of beam line 2A.



Page 10 of 12 File No. TRI-DNA-00-200/06/12 - 2A AT 500 MEV - FINAL Leff - 5Al+10Cu - NO SteeringREAL! Distribution of FINAL RUN FOUND HERESpace # 4: Distribution of particles as a function of X AT TGTCL (Element #127) (along HORIZONTAL axis)& Y at TGTCL (Element #127) (along VERTICAL axis)COUNTS = 149629.X PROJECTION1 1 1 1 1 1 11 2 3 4 6 9 0 2 3 4 4 2 0 8 6 4 3 2 13 1 1 2 4 8 3 1 4 9 8 0 9 8 9 3 0 6 9 9 7 9 3 1 3 7 4 2 2 1 36 1 6 9 8 5 5 8 6 7 2 7 6 3 7 6 0 8 2 5 3 6 5 2 3 6 8 6 0 3 78 5 6 1 8 0 7 4 9 0 9 6 1 8 7 6 9 9 4 8 8 2 8 0 6 8 9 6 2 0 0+--|--------------|--------------|--------------|--------------|--------------|--------------|+0.4350 - 39 3 3 6 8 7 6 9 11 10 19 16 22 21 25 22 27 24 23 16 13 13 14 15 13 9 5 5 3 0 47- 4600.4050 | 6 1 2 3 6 7 3 2 8 8 9 10 13 19 11 12 15 17 11 12 5 7 1 2 3 2 4| 2000.3750 | 3 1 3 7 4 4 4 7 21 17 23 22 21 26 29 25 21 17 18 16 8 9 11 2 2 4 4 2 1 3| 3360.3450 | 4 1 1 2 4 4 10 8 12 23 20 32 39 40 31 33 40 35 40 22 28 19 12 9 7 6 5 2 3 2| 4950.3150 | 6 2 5 2 7 5 12 12 21 38 35 40 62 63 62 84 65 56 50 38 36 30 21 22 11 8 4 8 1 3 10| 8190.2850 | 8 3 2 9 1 11 11 20 39 41 64 82 90123110140123 80 80 83 66 51 29 27 13 6 3 5 2 2 4| 13280.2550 | 11 5 4 10 13 21 27 48 62107147147172196195210155155117102 68 52 22 23 13 12 7 3 6 12| 21230.2250 | 4 7 2 16 12 14 28 46 72100127179208222278282275239212177131 89 53 50 29 21 9 12 6 5 5| 29110.1950 | 10 3 7 12 15 32 42 58115158184255329380399385416385319265195155 97 73 36 23 17 7 5 4 11| 4392Y 0.1650 | 7 5 9 16 20 45 50 92145182235362444514550544528487408350250185136 65 50 28 15 8 7 4 6| 5747 Y0.1350 - 13 4 10 13 22 51 58108188264310448504603721725733640542461334240180101 60 37 24 13 7 7 10- 74320.1050 | 13 6 9 12 20 37 83110195267407538648798850782826781644543422306178101 81 36 32 12 10 4 13| 8764 PA 0.7500E-01 | 12 9 6 9 28 59 62156273330488635797859943***940860771662438320245137 96 47 25 15 12 7 10| 10257 RT 0.4500E-01 | 15 10 13 21 23 60 99179271359503702841************973847700532393252169 91 60 33 25 12 4 6| 11429 O0.1500E-01 | 12 5 10 15 34 67106149261410570700881***************918726542382270176114 47 41 16 14 9 27| 11997 JT -.1500E-01 | 19 6 8 18 35 55 94184283412581777884***************925742582402276166 89 58 31 18 12 11 16| 12459 EG -.4500E-01 | 17 7 8 16 31 58107162285372561755903998*********993866674516380282171100 61 22 17 13 12 15| 11843 CT -.7500E-01 | 14 4 9 19 41 54105179251388525677817994*********971835700513382221143 91 47 31 10 15 5 13| 11370 TC -.1050 | 18 3 12 13 29 54 85161199375493568713906979***987907753634468346230119 94 46 27 10 11 7 5| 10289 IL -.1350 | 9 7 9 17 29 45 96114194300418540669737846890831779665534394299182124 80 40 23 12 8 5 12| 8908 O-.1650 - 11 3 5 18 22 40 67101164260310442558614706665698608540423346243147121 65 43 26 16 15 7 17- 7302 N-.1950 | 8 5 8 11 19 30 49 79120183259351427491553529531473389313248182126 91 55 33 27 9 7 5 9| 5620-.2250 | 15 3 6 13 19 22 51 72 97120192260344389387420384361293249172146102 60 42 24 22 10 8 3 14| 4300-.2550 | 7 3 6 6 6 19 30 47 69 93160211206257250292277282211178118118 81 45 33 13 8 5 8 2 8| 3049-.2850 | 7 3 2 13 15 14 37 55 65 82120138172186205164158163119106 81 56 32 21 13 10 6 4 5 9| 2061-.3150 | 8 2 2 2 6 12 21 22 32 39 55 73105113112140118125 99 82 63 36 35 19 10 10 11 3 3 3 8| 1369-.3450 | 6 2 1 2 3 11 10 14 21 40 41 51 65 82 66 75 72 58 60 48 31 31 21 19 10 9 6 2 3 1 4| 865-.3750 | 5 1 2 2 5 4 4 9 15 14 23 31 31 30 39 52 47 33 34 31 15 16 13 8 7 8 5 1 1 5| 491-.4050 | 3 3 2 4 6 3 6 6 9 13 10 18 19 25 23 33 21 21 18 13 12 11 12 8 4 3 5 1 2 1 3| 319-.4350 | 4 1 1 4 4 6 7 4 9 8 12 14 8 12 14 18 15 10 8 11 8 7 2 4 3 2 1 3 1 3| 204-.4650 - 46 4 4 5 5 9 13 9 11 13 17 21 24 27 19 29 20 16 20 21 25 16 11 13 3 11 3 5 1 4 52- 483+--|--------------|--------------|--------------|--------------|--------------|--------------|+- - - - - - - - - - - - - - - - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4 4 4 3 3 3 2 2 2 1 1 1 1 0 0 0 0 0 0 1 1 1 1 2 2 2 3 3 3 4 46 3 0 7 4 1 8 5 2 9 6 3 0 7 4 1 1 4 7 0 3 6 9 2 5 8 1 4 7 0 35 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5X AT TGTCLFig. 5. The e�ect of the stripper foil and of the 0.005 in. Al and 0.010 in. Cu windows on the beam spotat the target center of beam line 2A.
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