
TRIUMF UNIVERSITY OF ALBERTA EDMONTON, ALBERTADate 1997/11/20 File No. TRI-DNA-97-4Author GM Stinson Page 1 of 19Subject The e�ect of windows upstream of the target on the beam size at the beam line 2A target1. IntroductionA previous note 1) discussed the e�ect on the beam spot at the west target of beam line 2A of a windowplaced at various distances upstream of the target. Since that report was issued a decision to insert twowindows upstream of the target has been made.The �rst, located 44 inches (1.1176 m) upstream of the target, is an aluminum window 0.005 in. thick thatserves to isolate the beam line 2A vacuum (and thus the cyclotron) from the (relatively) poor vacuum ofthe target module. The second, located 16 inches (0.4064 m) upstream of the target, is a copper window0.010 in. thick at the entrance of the target module containment vessel. (A third window, similar the thesecond, is located at the exit of the containment vessel but does not concern the study presented here.)This note presents a REVMOC study of the e�ect of the e�ect of these windows on the beam size at thetarget location.2. Method of approachA TRANSPORT 2) run was made in which the measured e�ective lengths of the quadrupoles were used inthe determination of the optics of the beam line. In addition the e�ective length of the 15� dipole that hasbeen �eld-mapped to date was used for each of the 15� dipoles that direct beam to the target. Becauseneither of the 27.5� vault dipoles have yet been �eld-mapped, their e�ective lengths were taken as thenominal design value.The e�ect of these (relatively minor) changes in the e�ective lengths of the quadrupoles and the 15� dipolesin the TRANSPORT calculations was virtually transparent. Consequently, it is expected that insertion ofthe measured e�ective lengths of the remaining 15� dipole and the two 27.5� vault dipoles will not a�ectthe calculations that follow.Transport element settings obtained from TRANSPORT were inserted into the program REVMOC 3) andused to predict the e�ect of the stripper and the windows on the beam spot at the west target. This wasdone in three consecutive runs; �rst, the stripper foil only, second, the stripper foil and the aluminumwindow and third, the stripper foil and both of the windows. In this manner it was possible to determinewhich scattering elements most a�ected the beam size at the target.In each case 150,000 particles were traced through the system. Each window was divided into the appro-priate number of 0.001 in.-thick slices.2.1 The e�ect of the stripper foil onlyThe �rst run was made with only the stripper foil inserted. This we use as the reference for the beam sizeat the target. Figure 1 shows the predicted beam size at the west target without the stripper foil|thatis, what the beam spot is to be predicted to be without foil scattering. In �gure 2 is shown the e�ect onthe beam pro�le when scattering in the foil is included. In these and all subsequent plots, units along thehorizontal and vertical axes are cm, the x-axis is horizontal and the y-axis is vertical.With no foil scattering REVMOC predicts that the beam size at the target would be �0.23 cm horizontallyby �0.30 cm vertically. When foil scattering is included it is predicted that the beam size will increase to�0.32 cm both horizontally and vertically. However, the fraction of beam predicted to lie outside the un-



Page 2 of 19 File No. TRI-DNA-97-4scattered dimensions of �0.23 cm horizontally by �0.30 cm vertically is only 0.049% in the horizontalplane and 0.001% in the vertical.Thus we conclude that foil scattering alone does not contribute substantially to an increase in beam sizeat the target.2.2 The e�ect of the stripper foil and the aluminum windowAs a second step, an aluminum window 0.005 in. thick was inserted 44 inches upstream of the target.This window was in addition to the stripper foil. A REVMOC run was then made with this con�guration.Figure 3 shows the prediction of the beam size at the west target with scattering in both the stripper foiland the aluminum window included. From �gure 3 it is seen that virtually all of the beam is predicted tolie within �0.93 cm in each of the horizontal and vertical planes.The same data, plotted on an expanded scale to match that of �gure 2, is shown in �gure 4. From �gure4 it is seen that the central core of the beam|that is, that portion lying between �0.32 cm in each ofthe horizontal and vertical planes|contains 99.55% of the beam in the horizontal plane and 99.30% in thevertical plane. Thus the percentage of beam lying outside of the region predicted for the stripper foil onlyis increased by approximately 0.5% when the 0.005 in.-thick aluminum window is added.Thus we conclude that the addition of the 0.005 in.-thick aluminum window causes a small additionalamount of beam halo but does not signi�cantly disrupt the core of the beam. The vertical size of the beamat the target is predicted to be more a�ected by scattering in the aluminum window than is the horizontalbeam size.2.3 The e�ect of the stripper foil and aluminum and copper windowsA �nal REVMOC run was made with the insertion of a copper window 0.010 in. thick, located 16 inchesupstream of the target. The stripper foil and the 0.005 in.-thick aluminum window were also included inthis run. Figure 5 is the REVMOC prediction of the beam spot at the west target under these conditions. Itis seen that the beam is predicted to �ll the entire 4-inch diameter of the beam line at the target location.The data shown in �gure 5 is replotted on an expanded scale in �gure 6 where it is seen that REVMOCpredicts that only 0.10% of the beam is outside the region bounded by x = �1 cm and 0.11% lies outsidethe region bounded by y = �1 cm. Thus approximately 99.8% of the beam is contained in an area of 1cm2.Figure 7, drawn to the same scale as �gure 2, is a plot of the same data on and even more expanded scale.From this �gure it is seen that 2.57% of the beam is predicted to lie outside of the region bounded by x =�0.32 cm and 3.39% lies outside the region bounded by y = �0.32 cm. Thus approximately 94% of thebeam lies within the area predicted were the only scatterer the stripper foil.From �gures 5, 6 and 7 we see that the beam is predicted to be signi�cantly larger at the target with theaddition of the copper window. Thus we conclude that the addition of the copper window signi�cantlyincreases beam halo at the target but that approximately 94% of the beam still lies within an area de�nedby the reference beam (x = �0.32 cm and y = �0.32 cm).3. Beam loss and spill calculationsInherent in the program REVMOC is the calculation of beam loss caused by multiple scattering, absorbtionand nuclear scattering in materials placed in the beam path. Absorbed particles are removed by nuclearinteractions and do not contribute to beam spill downstream. Particles lost by nuclear scattering havebeen scattered such that they hit the wall of the beam tube causing beam spill and activation of the beamline and its components.



File No. TRI-DNA-97-4 Page 3 of 19Absorbtion and nuclear scattering data from the above runs are listed in table 1. Losses are tabulated asa function of the distances downstream of the scatterers. Downstream of a scatterer any losses listed at agiven point are to be construed as occurring between that point and the previous listed location.It should be noted that the data presented in table 1 are not inconsistent even though they appear tobe. Thus, for example, 0.005% of 150,000 particles represent only 7.5 particles and, given that this is astatistical process, the error on that number is �p7:5 = �2.74 or �0.0018%. All data presented in thetable should be viewed with that in mind.From table 1 we note that between the vault exit and the aluminum window that separates the beam-linevacuum from the target containment vacuum REVMOC predicts no beam loss|at least to the level of 1particle in 150,000 or 7�10�4%. Beam spill between the exit of the aluminum window and the entrance faceof the copper window is predicted to be 0.0159% where we have averaged the predictions for the stripperand aluminum window alone and those for the stripper and aluminum and copper windows. At 100 �Athis represents at spill of 15.9 nA per 0.7112 m or 22.4 nA/m. The prediction of beam spill between theexit face of the copper window and the target is 0.0240% over a distance of 0.4064 m (16 in.). Again, at100 �A this represents at spill of 59 nA/m.Any designs for target protection and/or beam collimation should bear these �gures in mind. To this endwe present in �gures 8{12 the REVMOC predictions of the beam sizes at and downstream of the aluminumwindow. Figure 8 shows the beam spot at the exit of the aluminum window where the overall beam size ispredicted to be approximately 1.24 cm in the x-plane by 2.5 cm in the y-plane. Figures 9 and 10 show thepredicted beam size 0.2794 m (11 in.) and 0.5588 m (22 in.), respectively, downstream of the aluminumwindow. Figure 11 shows the predicted beam size at the upstream face of the copper window, 0.7112 m (28in.) downstream of the aluminum window and 0.4064 m (16 in.) upstream of the target. There the beamsize is predicted to measure approximately 1.2 cm in each of the horizontal and vertical planes. Finally,�gure 12 shows the predicted beam pro�le 0.1270 m (5 in.) downstream of the copper window.4. Estimate of power loss in the aluminum and copper windowsFigure 13 shows the same data as �gure 8 but on an expanded vertical scale because it is clear from �gure8 that most of the beam at the exit of the aluminum window is contained in an area smaller than 1.24cm square. From �gure 13 we �nd that 85.8% of the beam lies between x = �0.18 cm in the horizontalplane and that 87.6% of the beam lies between the same vertical limits (that is, y = �0.18 cm). On theassumption that horizontal and vertical losses are independent we then have the probability of the beamlying outside of an area 0.36 cm square isP(outside x = �0.18 cm and y = �0.18 cm) = P(outside x = �0.18 cm) + P(outside y = �0.18 cm)� P(outside x = �0.18 cm)�P(outside y = �0.18 cm)= 0:146+ 0:124� (0:146)(0:124)= 0:252:From this we conclude that 25.2% of the beam lies outside an area 0.36 cm square of that 74.8% of thebeam is contained within that area. REVMOC predicts an average energy loss of 1:5�10�2 MeV per 0.001in. of thickness of the aluminum window. Thus a total energy of 0.075 MeV is predicted to be depositedin and area 0.36 cm by 0.36 cm. At a beam current of 100 �A this represents a power density ofPower density in aluminum window = (0.075 MeV)(100 �A)(0.36 cm)(0.36 cm)= 57.9 W/cm2.



Page 4 of 19 File No. TRI-DNA-97-4In �gure 14 we show the predicted beam pro�le at the exit of the copper window. Here 93.6% of the beamis predicted to lie between x = �0.18 cm and 88.4% of the beam is predicted to lie between the samevertical limits. (Remember that the beam is still converging to the target despite scattering upstream.)Proceeding again on the assumption that horizontal and vertical beam losses are independent we �nd theprobability of the beam lying outside of an area 0.36 cm square isP(outside x = �0.18 cm and y = �0.18 cm) = P(outside x = �0.18 cm) + P(outside y = �0.18 cm)� P(outside x = �0.18 cm)�P(outside y = �0.18 cm)= 0:064 + 0:116� (0:064)(0:116)= 0:173:Thus 17.3% of the beam is predicted to lie outside of an area 0.36 cm square and therefore 82.7% of thebeam lies within that area. For the copper window REVMOC predicts an average energy loss of 4:32�10�2MeV per 0.001 in. of thickness of copper or a total energy deposition of 0.432 MeV. At a beam current of100 �A the power density that is predicted to be deposited in the window is thenPower density in copper window = (0.432 MeV)(100 �A)(0.36 cm)(0.36 cm)= 333.3 W/cm2.To be on the safe side, we suggest that the aluminum window be cooled such that a power density of atleast 100 W/cm2 could easily be accommodated. For the copper window a cooling capability of at least600 W/cm2 should be designed in.5. DiscussionThis note has presented a study of the e�ect of the proposed windows that are to be inserted upstreamof the west target of ISAC. It is shown that at a beam current of 100 �A the insertion of the aluminumwindow can be expected to cause beam spills of the order of 20 nA/m downstream of it and upstreamof the copper window. The addition of the copper window could produce spills of the order of 60 nA/mbetween it and the target.In addition, we suggest that the aluminum window be provided with a cooling capacity of at least 100W/cm2 and that the copper window be provided a cooling capacity of at least 600 W/cm2.References1. G. M. Stinson, TRIUMF report TRI-DNA-96-8, September, 1996.2. K. L. Brown and S. K. Howry, TRANSPORT/360, SLAC{91, Stanford Linear AcceleratorLaboratory, July, 1970.3. C. J. Kost and P. A. Reeve, TRIUMF report TRI-DN-82-28, TRIUMF, 1982.



File No. TRI-DNA-97-4 Page 5 of 19Table 1Calculated beam loss for the cases of a) stripper foil only,b) stripper foil and aluminum window andc) stripper foil and aluminum and copper windows.All losses are expressed as a percentage of initial beam.Location Case a) Case b) Case c)Absorbed Nuclear Absorbed Nuclear Absorbed NuclearScattered Scattered ScatteredStripper 0.0044 0.0057 0.0078Extraction 0.0023 0.0030 0.0042Al window 0.0339 0.0382Al Window + 0.2794 m 0.0014 0.0008Al Window + 0.5588 m 0.0097 0.0130Al Window + 0.7112 m 0.0036 0.0033Cu window 0.1893Cu Window + 0.1270 m 0.0014 0.0025West target 0.0031 0.0215(Cu Window + 0.4064 m)
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File No. TRI-DNA-97-4 Page 9 of 1997/11/18 - 2A AT 500 MEV - FINAL Leff - 0.005" Al 44" UPSTREAM of targetSpace # 8: Distribution of particles as a function of X AT TGT2 (Element #169) (along HORIZONTAL axis)& Y at TGT2 (Element #169) (along VERTICAL axis)REAL! Distribution of FINAL RUN FOUND HERE COUNTS = 149907.X PROJECTION1 1 1 1 1 1 11 1 2 4 5 7 9 0 1 1 2 2 1 0 8 7 5 4 3 1 13 1 2 4 8 2 9 9 4 9 4 0 3 5 9 3 1 3 3 9 4 9 3 0 9 1 6 3 2 1 32 5 2 2 0 4 6 6 1 8 1 8 6 4 9 5 7 7 3 9 3 7 2 9 7 6 9 7 0 6 41 3 7 7 0 8 6 2 8 7 8 6 7 9 3 9 2 9 0 1 4 7 3 7 1 6 4 6 6 3 8+--|--------------|--------------|--------------|--------------|--------------|--------------|+0.3190 - 14 6 2 10 12 10 10 12 13 17 26 29 27 31 36 32 22 33 15 18 23 24 10 17 8 10 13 7 9 8 20- 5240.2970 | 2 1 2 1 2 5 3 12 8 15 15 24 21 19 22 22 15 14 22 9 13 3 11 9 3 3 2 2 2| 2820.2750 | 8 3 1 4 5 9 9 15 25 19 28 31 33 52 27 41 53 30 26 18 11 16 9 9 3 2 1 2 2 4| 4960.2530 | 6 4 4 2 3 8 12 18 21 32 41 52 46 60 70 79 59 70 57 46 39 37 24 23 14 6 10 1 3 3 10| 8600.2310 | 10 1 1 5 13 11 22 28 33 68 83 93 80116109 98118 97 96 88 56 63 34 33 14 7 6 6 2 10| 14010.2090 | 11 5 6 7 8 18 24 50 56 90103113146141165146160142129121 99 81 67 51 38 7 15 7 4 3 12| 20250.1870 | 8 2 4 13 12 31 54 63 93129138149174215238230238216205167147129 79 49 33 21 15 5 8 7 13| 28850.1650 | 10 5 8 11 23 30 47 65120140182255271317338341284301286229206175128 91 61 37 20 12 8 3 6| 40100.1430 | 14 7 9 17 21 32 47 94159193232313347427415452398389362309267178131109 70 40 11 8 10 9 11| 5081Y 0.1210 | 8 6 8 20 25 59 90137201243301364449500508540502452463393335269159152 85 52 36 24 11 6 15| 6413 Y0.9900E-01 - 14 8 10 17 41 57 95141238263367457526598577594592551502455370286222148102 59 34 6 7 6 17- 73600.7700E-01 | 13 9 14 16 51 62118160257371397533572640697701690655633501396324251180 93 59 28 21 12 13 11| 8478 PA 0.5500E-01 | 17 8 14 25 52 82112188268385448575616715769823800708638561470387273168141 60 36 32 14 6 9| 9400 RT 0.3300E-01 | 15 7 14 19 54 81133225302406499587717826809877819796705616493422297188128 68 47 23 13 7 13| 10206 O0.1100E-01 | 12 11 15 25 56 78122223291403543647739795870877818809707636534419299230130 83 65 22 18 9 17| 10503 JT -.1100E-01 | 11 5 13 21 53 82125192325441551653746815867859927837729663544417300225136 85 37 26 13 14 14| 10726 EG -.3300E-01 | 15 6 12 29 47 83144204309416532608731769796886844734733603494415300212128 71 43 18 8 6 13| 10209 CT -.5500E-01 | 14 5 14 36 45101116211296411496646715831770862797792645588498396306189125 85 40 31 6 10 15| 10092 T2 -.7700E-01 | 12 2 7 27 47 74130173268366463602683744749752801759642590474365250158130 81 52 17 5 7 19| 9449 I-.9900E-01 | 14 6 14 22 41 80115158215322406480572643645705659643529483424340241163110 58 34 16 6 6 12| 8162 O-.1210 - 11 9 9 18 41 57102147241292338466488575612563591584562460378290230158107 50 31 20 6 2 12- 7450 N-.1430 | 5 3 10 17 35 45 96104202266317374456488520505550424434378310249163154 78 51 26 13 10 4 13| 6300-.1650 | 7 4 4 17 27 27 69102133228287291393359428455434429367291263191143108 62 49 24 15 7 7 10| 5231-.1870 | 7 4 5 13 24 31 54 83111144228263285303293309338273274253210157131 78 48 34 12 8 5 1 6| 3985-.2090 | 11 5 9 15 17 23 43 50 78114166196174202236215234217200166123121 87 65 36 26 13 7 1 3 10| 2863-.2310 | 11 5 5 7 16 24 26 46 52 89 92113122154147155165170126126 97 83 71 36 32 17 13 7 6 5 9| 2027-.2530 | 6 3 3 1 8 15 13 34 45 48 62 78107102100100114100 92 84 61 49 35 40 23 10 11 3 3 1 8| 1359-.2750 | 4 1 3 4 5 6 7 15 20 37 34 46 59 53 72 64 63 52 73 62 39 32 21 20 7 11 3 6 4 1 8| 832-.2970 | 8 2 5 6 12 8 13 20 15 27 23 32 30 38 41 36 30 21 20 21 22 22 10 6 10 5 3 4 6| 496-.3190 | 2 1 2 3 2 8 5 2 10 10 7 17 21 18 21 16 24 17 24 13 15 8 10 7 1 1 3 2 8| 278-.3410 - 19 11 3 5 10 14 13 12 14 15 18 20 18 28 27 33 32 31 37 23 21 24 20 15 7 12 6 7 5 8 14- 523+--|--------------|--------------|--------------|--------------|--------------|--------------|+- - - - - - - - - - - - - - - - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3 3 2 2 2 2 2 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 2 2 2 2 2 34 1 9 7 5 3 0 8 6 4 2 9 7 5 3 1 1 3 5 7 9 2 4 6 8 0 3 5 7 9 11 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 TGT2Figure 4. The predicted beam spot at the target with scattering from the foil and 0.005 in.-thickaluminum window on an expanded scale.



Page 10 of 19 File No. TRI-DNA-97-497/11/18 - 2A AT 500 MEV - FINAL Leff - 0.005" Al 44", 0.010 Cu 16" UPSTREAM of targetSpace # 9: Distribution of particles as a function of X AT TGT2 (Element #169) (along HORIZONTAL axis)& Y at TGT2 (Element #169) (along VERTICAL axis)REAL! Distribution of FINAL RUN FOUND HERE COUNTS = 149579.X PROJECTION11 2 14 0 41 4 5 0 11 1 1 6 7 6 5 4 1 1 1 1 1 10 0 2 0 3 6 8 8 7 8 4 1 4 7 8 3 5 7 2 3 1 2 2 0 5 3 1 3 2 1 0+--|--------------|--------------|--------------|--------------|--------------|--------------|+5.075 - - 04.725 | | 04.375 | 1 0 0 0 | 24.025 | 0 0 0 0 | 23.675 | 0 0 0 0 1 0 1 | 53.325 | 0 0 2 0 0 | 42.975 | 0 0 0 0 1 0 0 0 0 1 1 1 0 | 82.625 | 0 0 0 1 0 1 1 0 0 0 | 72.275 | 1 0 0 0 1 1 0 0 0 0 | 6Y 1.925 | 0 1 0 0 1 1 1 0 0 1 1 0 0 | 9 Y1.575 - 0 0 1 0 0 0 1 0 0 0 1 1 0 2 0 0 - 121.225 | 0 0 0 0 0 1 1 0 0 0 0 1 0 | 8 PA 0.8750 | 1 1 1 1 1 0 1 1 2 0 1 0 0 0 | 14 RT 0.5250 | 0 2 0 1 1 1 0 2 51 79 30 1 0 0 1 1 0 | 175 O0.1750 | 1 0 0 1 0 0 35********* 32 1 1 1 0 1 1 1 0 | 17230 JT -.1750 | 0 1 0 0 0 0 0 78********* 75 1 1 0 3 0 0 0 | 114774 EG -.5250 | 1 0 1 0 36********* 32 0 2 1 1 0 | 17042 CT -.8750 | 0 1 0 1 0 0 2 41 96 35 1 0 0 | 181 T2 -1.225 | 0 0 0 0 0 0 3 1 1 1 0 3 0 2 0 0 1 0 0 0 | 19 I-1.575 | 0 2 1 1 0 1 0 1 2 1 2 1 0 | 14 O-1.925 - 1 1 0 1 1 1 2 0 2 1 0 0 1 - 14 N-2.275 | 0 1 0 1 1 0 1 0 0 0 0 0 0 1 0 0 | 11-2.625 | 0 0 1 0 1 2 1 0 0 0 1 1 1 | 11-2.975 | 1 1 0 0 0 1 0 0 1 1 1 | 9-3.325 | 0 0 0 0 0 0 0 1 | 5-3.675 | 0 1 0 0 1 1 0 1 0 0 0 | 7-4.025 | 0 1 1 0 0 0 | 4-4.375 | 1 0 0 0 0 0 | 3-4.725 | 0 0 0 0 0 0 | 3-5.075 | 0 | 0-5.425 - - 0+--|--------------|--------------|--------------|--------------|--------------|--------------|+- - - - - - - - - - - - - - - -5 5 4 4 4 3 3 2 2 2 1 1 1 0 0 0 0 0 0 1 1 1 2 2 2 3 3 4 4 4 5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4 0 7 3 0 6 3 9 6 2 9 5 2 8 5 1 1 5 8 2 5 9 2 6 9 3 6 0 3 7 03 8 3 8 3 8 3 7 3 7 2 7 2 8 2 7 8 3 8 3 8 3 8 3 8 3 8 3 8 3 8X AT TGT2Figure 5. The predicted beam spot at the target with scattering from the foil and 0.005 in.-thickaluminum and 0.010 in.-thick copper windows.
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