
TRIUMF UNIVERSITY OF ALBERTA EDMONTON, ALBERTADate 1996/09/17 File No. TRI-DNA-96-8Author GM Stinson Page 1 of 11Subject The e�ect of a window upstream of a target on beam line 2A1. IntroductionAt the 2A Design Team meeting on Wednesday, September 11, 1966, one of the items that arose was thatof the placement of a window at the end of the beam line upstream of the target vessel. Some of us, theauthor included, had the erroneous impression that beam-line vacuum would be maintained up to the frontface of the target vessel. It then became clear that a study of the e�ect of a window in the line would haveboth on beam size at the target and additional beam spill.This note presents a study of such an e�ect with the use of the program REVMOC.2. Method of approachIn order to minimize the e�ect of scattering in a window on the beam size at the target, it is clear thatthe window should be placed as close to the target as possible. Given that the distance from the entranceof the target vessel to the target proper is of the order of 36 inches and that this region is under relativelypoor vacuum, the closest practical point of installation of a window is approximately 1 metre upstream ofthe target itself.Consequently, this study was restricted to the placement of a stainless steel window, 0.001 in. thick, atdistances of 1 m, 1.5 m and 2 m upstream of the target volume. Because the REVMOC program allows amaximum of three components to be speci�ed for any material placed in the beam path, the stainless steelwindow was assumed to consist of 75% nickel (Z = 28), 16% chromium (Z = 24) and 9% iron (Z = 26) andto have to have a density of 8.83 gm/cm3. Further, this study was only conducted at a beam energy of 500MeV, the assumption being that there would be little change in the results for beam energies between 480MeV and 500 MeV.REVMOC runs were made tracing 150,000 particles from the stripper foil to the target with a windowinstalled at each of the three locations noted above. In addition, a run with no window was also made inorder to have a reference beam size at the target and a reference beam-spill along the beam line. All runswere made with the same random-number seed.Note that, as used here, no window means that there is no window in the beam line itself. Any windowsexternal to the beam line proper are not included.3. Results of the studyResults given below are predicated on a 0.00118 in.-thick carbon stripping foil and, as noted above, a 0.001in.-thick stainless steel window that is located near the end of the beam line. REVMOC predicts thatin the stripper foil the 1/e scattering angle is 0.17 mr, the probable energy loss (Landau distribution) is1:073�10�2 MeV and the average energy loss is 1:651�10�2 MeV. Similar predictions for the stainless-steelwindow are 0.69 mr, 2:969�10�2 MeV and 4:462�10�2 MeV respectively.The discussion below is broken into two parts. The �rst sub-section will show the predicted e�ect of thewindow on the beam size at the entrance of the target material; the second will present the predicted e�ecton beam spill in the beam line.3.1 The e�ect of the window on beam size at the targetFor reference purposes, �gure 1 shows the predicted beam spot at the target for a beam energy of 500 MeV.The upper portion of the �gure shows what is expected without foil scattering. The lower portion shows



Page 2 of 11 File No. TRI-DNA-96-8the predicted beam pro�le taking foil scattering into account. As pointed out in ref 1), the vertical beamdivergence at the scattering foil is quite small. Consequently, foil scattering contributeS signi�cantly to thevertical divergence after stripping and thus also to the vertical size. Conversely, the horizontal divergenceis large relative to that contributed by foil scattering and the horizontal beam size is (relatively) una�ected.The overall result is that although the nominal TRANSPORT design is for a beam size 5 mm in diameterat the target, there is a signi�cant increase in the vertical beam size at that point.(There is provision in TRANSPORT to include e�ects such as foil scattering and this was in fact done usingthe scattering predicted by REVMOC. However, in TRANSPORT, such scattering is added in quadraturewith the beam divergences whereas in REVMOC such scattering is randomly chosen from the scatteringdistribution. Thus REVMOC includes some relatively large scattering angles with the result that (relatively)large angle `tails' can appear in the calculated distributions of the combined divergences. This is clearlyshown by comparing �gures 2 and 3. The former shows a plot of the horizontal divergence in mr againstthe horizontal size in cm. The upper portion of �gure 2 shows the correlation with no scattering; the lowerportion shows that with scattering. A tail has developed but most (99.94%) of the beam remains withinthe �3.4 mm size that is predicted without scattering. Figure 3 is a similar plot of the vertical divergenceagainst the vertical size. In this case a large tail is developed in the vertical beam size. It is predicted that1.08% of the scattered beam lies outside of the �4.5 mm size predicted without scattering.)Figures 4, 5, 6 and 7 show, on the same scales, the beam-spot predictions at the target for the cases ofno window and of a window 1 m, 1.5 m and 2 m upstream of the target respectively. In all cases, foilscattering is included. Note, in particular, that the scales|particularly the horizontal|are larger thanthose of the previous �gures. Therefore these �gures cannot be compared directly with the others. Theycan, however, be compared with each other.We begin our analysis by de�ning the nominal beam size at the target from the dimensions predicted in�gure 4. Thus we de�ne the horizontal beam size at the target to be �4 mm, a dimension that clearlyencompasses greater than 99% of the beam in the horizontal plane. Similarly, we de�ne the vertical beamsize at the target to be �5 mm, again a dimension encompassing approximately 99% of the beam in thevertical dimension.We then tabulate for the three locations of the window the percentage of beam lying outside of thesenominal beam dimensions. In all cases, the window is made of stainless steel that is 0.001 in. thick.Table 1The percentage of beam outside of the nominal beam dimension at the targetWindow location Percentage of beam outsidex = �4.0 mm y = �5.0 mmNo window (Nominal beam size) 0.031 1.097Window 1.0 m upstream of the target 0.158 1.357Window 1.5 m upstream of the target 1.260 1.882Window 2.0 m upstream of the target 2.611 2.554Table 1 con�rms what is to be expected. As the window is moved further upstream from the target, thelarger the beam size at the target becomes. The horizontal beam size is a�ected more than the verticalbecause the nominal horizontal beam size is smaller than that in the vertical plane and thus is more



File No. TRI-DNA-96-8 Page 3 of 11a�ected by window scattering. Further, the vertical beam divergence has already been increased signi�-cantly by foil scattering so that scattering in the window has relatively little e�ect on it. However, evenwith a window located 2 m upstream of the target, approximately 97.5% of the beam is still containedwithin an area of (�x;�y) = (�4 mm, �5 mm).3.2 The e�ect of the window on beam spill in the beam lineWe tabulate below the beam spill predicted by REVMOC together with the locations at which it is predictedto occur. All percentages are expressed in beam loss from the stripped beam. (The �rst two lines of thetable are included only to check the consistency of the calculations.)Table 2The predicted percentages of beam loss for the various window locationsLocation Percentage of initial beam lost along the beam lineNo Window located upstream of target byWindow 2 m 1.5 m 1 mStripper foil 0.0063 0.0057 0.0052 0.0061Combination magnet exit 0.0033 0.0031 0.0028 0.00332.0 m upstream of the target 0.01971.5 m upstream of the target 0.0044 0.02001.0 m upstream of the target 0.0082 0.0047 0.02040.5 m upstream of the target 0.0026 0.0076 0.0038Target 0.0016 0.0026 0.0078REVMOC predicts that all beam loss in the stripper foil and in the windows themselves is by absorption.Consequently, these losses do not contribute to activation of the beam line itself.It is seen that REVMOC predicts beam spill downstream of any window. For a window located 2 mupstream of the target an additional beam spill of 0.0168% is to be expected downstream of the window.At a beam current of 100 �A this corresponds to a loss of 16.8 nA distributed over a 2 m distance. Similarnumbers for a window located 1.5 m and 1 m upstream of the target are, respectively, 0.0149% (14.9 nA)and 0.0116% (11.6 nA).This makes it clear that if a window is to be installed it should be installed as close to the target as possible.4. Energy deposition in the windowFor completeness, we estimate here the energy loss in a 0.001 in. thick stainless-steel window.In section 3 it was noted that REVMOC predicts an average energy loss of 4:46�10�2 MeV. Consequently,at a beam current of 100 �A a loss of (4:46�10�2 MeV)�(100 �A) = 4.46 W is to be expected in thewindow.To calculate the power density in the window we assume 5 W is lost. Because the beam is convergingtoward the target, the beam size on the window will be a function of its distance upstream of the target.These we tabulate on the next page. It is seen that the power density is low.



Page 4 of 11 File No. TRI-DNA-96-8Table 3Calculation of the power density in the windowsParameter Window located upstream of target by2 m 1.5 m 1 mHorizontal size (�x mm) 5.25 2.70 1.50Percent of beam within �x 98.77 98.80 99.17Vertical size (�y mm) 2.25 4.50 4.50Percent of beam within �y 95.71 97.02 99.14Area (2x�2y mm2) 47.25 48.60 27.00Power deposited (W) 5.0 5.0 5.0Power density (W/mm2) 0.106 0.103 0.1855. DiscussionThis note has presented a study of the optimum location of a window on beam line 2A. As expected, theresult is that the window should be located as close to the target as possible.From the data given in table 1 it may be concluded that, regardless of the window location, there isrelatively small increase in the vertical beam size at the target. As the window is moved upstream theincrease in the horizontal beam size at the target becomes more pronounced. Indeed, it can be argued thatas the window is moved upstream the beam at the target is predicted to become more symmetrical. Onthe other hand, however, beam spill in the beam line increases.Thus it appears that the window should be located approximately 1 m upstream of the target. At thislocation the e�ect of the window on beam size of the target is minimized. There is virtually no a�ect tothe vertical beam size and a minimal increase in the horizontal beam size. At the same time beam spill isreduced.The placement of a window approximately 1 m upstream of the target can be accomplished in at least twoways. The simplest may to weld the window to the last 2 m or so of beam tube. An alternate methodwould be to mount the window on a re-entrant tube that would �t inside of the standard beam tube.In either case, should the window fail it would be necessary to remove the tube to which the window isattached. Presumably the removed tube would be discarded and be replaced with a new section containinga new window.References1. GM Stinson, A 480 MeV to 500 MeV beam transport system to an ISAC facility, TRI-DNA-96-5 andTRI-DNA-ISAC-5, July, 1996.
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File No. TRI-DNA-96-8 Page 9 of 11DATA OF 95/10/10 ON 96/06/25 - FINAL 500 MEV ON 2-A - 0.001" SS WINDOW 1 m up from TGT2Space # 8: Distribution of particles as a function of X AT TGT2 (Element #150) (along HORIZONTAL axis)& Y at TGT2 (Element #150) (along VERTICAL axis)REAL! Distribution of FINAL RUN FOUND HERE COUNTS = 149938.X PROJECTION3 6 35 7 1 7 62 9 2 9 9 0 21 1 2 4 5 7 2 5 8 8 3 5 23 0 1 0 0 0 0 1 8 5 2 7 5 5 4 9 5 7 3 5 8 9 7 8 0 0 0 0 0 0 1+--|--------------|--------------|--------------|--------------|--------------|--------------|+2.900 - 0 - 02.700 | 0 1 | 12.500 | 2 2 | 42.300 | 1 2 1 2 3 | 92.100 | 0 1 4 2 2 1 | 101.900 | 1 1 1 1 | 41.700 | 1 1 3 1 | 61.500 | 0 0 1 1 3 3 4 | 131.300 | 2 6 4 5 1 | 18Y 1.100 | 1 1 6 15 12 4 | 39 Y0.9000 - 1 1 1 3 10 15 19 16 7 4 4 1 2 1 - 850.7000 | 1 1 1 1 10 24 69 45 12 6 1 2 | 173 PA 0.5000 | 0 2 4 11 40153204161 24 5 1 3 1 3 | 612 RT 0.3000 | 0 1 1 1 3 19251*********258 19 10 4 2 1 2 0| 5339 O0.1000 | 3 1 1 4 4 60*************** 45 9 5 1 | 34787 JT -.1000 | 0 1 1 4 10 73*************** 62 8 2 1 3 | 67753 EG -.3000 | 1 4 6 11 47*************** 57 14 3 1 0| 34656 CT -.5000 | 3 2 4 1 6 24239*********229 18 3 3 2 1 | 5365 T2 -.7000 | 1 3 1 2 6 52130244165 47 7 4 5 1 | 668 I-.9000 | 2 2 2 2 3 15 27 69 42 17 2 1 1 1 | 186 O-1.100 - 2 2 5 24 21 25 8 5 - 92 N-1.300 | 4 8 18 7 5 2 | 44-1.500 | 2 3 6 5 4 | 20-1.700 | 2 1 4 6 3 | 16-1.900 | 1 2 4 1 3 | 11-2.100 | 0 1 2 3 | 7-2.300 | 1 1 | 2-2.500 | 1 1 2 | 4-2.700 | 2 1 1 1 | 5-2.900 | 1 1 | 2-3.100 - 1 0 0 0 0 0 - 3+--|--------------|--------------|--------------|--------------|--------------|--------------|+- - - - - - - - - - - - - - - -2 2 2 2 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4 3 1 0 8 6 5 3 2 0 8 7 5 4 2 0 0 2 4 5 7 8 0 2 3 5 6 8 0 1 38 2 6 0 4 8 2 6 0 4 8 2 6 0 4 8 8 4 0 6 2 8 4 0 6 2 8 4 0 6 2X AT TGT2Figure 5. The predicted beam spot at a target with window 1 m upstream of the target with foil andwindow scattering included.



Page 10 of 11 File No. TRI-DNA-96-8DATA OF 95/10/10 ON 96/06/25 - FINAL 500 MEV ON 2-A - 0.001" SS WINDOW 1.5 m up from TGT2Space # 8: Distribution of particles as a function of X AT TGT2 (Element #150) (along HORIZONTAL axis)& Y at TGT2 (Element #150) (along VERTICAL axis)REAL! Distribution of FINAL RUN FOUND HERE COUNTS = 149937.X PROJECTION3 5 38 6 7 7 81 6 2 7 6 1 2 7 12 1 2 5 2 7 6 3 6 5 1 1 0 5 2 1 10 0 2 2 3 8 5 1 6 9 4 6 1 6 8 7 4 9 8 5 5 8 6 0 7 6 4 0 2 0 1+--|--------------|--------------|--------------|--------------|--------------|--------------|+2.900 - - 02.700 | 1 | 12.500 | 1 | 12.300 | 1 4 1 | 62.100 | 2 2 1 3 | 81.900 | 1 1 1 1 0 | 41.700 | 1 5 3 3 1 4 1 | 181.500 | 1 2 2 4 3 3 2 1 1 1 | 201.300 | 1 1 4 9 7 3 2 1 1 2 | 31Y 1.100 | 1 2 9 14 7 11 5 2 1 1 | 53 Y0.9000 - 1 3 1 2 3 3 15 24 27 24 9 1 6 1 1 - 1210.7000 | 1 1 2 2 1 3 9 22 40 64 54 22 5 3 3 2 1 | 235 PA 0.5000 | 1 1 3 2 4 6 7 14 67217302198 72 19 4 2 4 2 0| 925 RT 0.3000 | 1 1 1 1 1 3 1 13 40379*********400 62 7 5 2 1 1 0 | 6622 O0.1000 | 1 1 2 5 16 24158***************160 16 8 3 2 1 2 | 35329 JT -.1000 | 2 1 2 7 24211***************238 22 12 1 4 1 1 1 | 63444 EG -.3000 | 4 2 4 4 20144***************139 23 6 5 1 1 2 | 35034 CT -.5000 | 1 1 2 6 16 51427*********400 61 7 9 7 3 2 2 0| 6683 T2 -.7000 | 0 1 1 1 3 2 5 8 17 63210272216 62 16 8 2 2 1 1 | 891 I-.9000 | 1 1 3 2 1 1 11 24 43 79 55 19 6 5 2 1 1 | 255 O-1.100 - 1 1 1 1 2 1 4 6 16 38 18 8 2 1 1 - 101 N-1.300 | 1 3 1 4 14 19 7 6 1 1 2 | 59-1.500 | 1 2 3 1 5 7 6 1 2 1 1 | 30-1.700 | 2 1 3 1 3 6 5 3 2 1 | 27-1.900 | 1 1 2 1 2 3 1 1 1 | 13-2.100 | 0 1 2 4 1 | 8-2.300 | 1 1 | 2-2.500 | 2 3 1 2 | 8-2.700 | 0 2 | 2-2.900 | 1 1 0| 2-3.100 - 0 0 - 1+--|--------------|--------------|--------------|--------------|--------------|--------------|+- - - - - - - - - - - - - - - -2 2 2 2 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4 3 1 0 8 6 5 3 2 0 8 7 5 4 2 0 0 2 4 5 7 8 0 2 3 5 6 8 0 1 38 2 6 0 4 8 2 6 0 4 8 2 6 0 4 8 8 4 0 6 2 8 4 0 6 2 8 4 0 6 2X AT TGT2Figure 6. The predicted beam spot at a target with window 1.5 m upstream of the target with foil andwindow scattering included.



File No. TRI-DNA-96-8 Page 11 of 11DATA OF 95/10/10 ON 96/06/25 - FINAL 500 MEV ON 2-A - 0.001" SS WINDOW 2 m up from TGT2Space # 8: Distribution of particles as a function of X AT TGT2 (Element #150) (along HORIZONTAL axis)& Y at TGT2 (Element #150) (along VERTICAL axis)REAL! Distribution of FINAL RUN FOUND HERE COUNTS = 149932.X PROJECTION1 3 5 3 11 0 5 3 6 0 12 4 2 5 4 4 3 4 21 1 2 2 4 9 5 8 0 3 7 7 6 0 3 9 5 2 1 1 16 3 6 9 6 1 8 2 9 5 5 0 6 4 8 1 5 4 8 7 3 3 7 7 2 9 0 5 8 8 6+--|--------------|--------------|--------------|--------------|--------------|--------------|+2.900 - 1 0 0 - 22.700 | 1 1 1 1 | 42.500 | 1 1 1 2 2 1 | 82.300 | 1 1 2 3 1 3 | 112.100 | 1 1 2 2 | 61.900 | 2 1 1 2 1 1 2 1 2 1 1 | 151.700 | 1 1 4 3 4 3 2 1 | 191.500 | 1 1 2 1 3 7 5 5 2 1 1 1 | 301.300 | 1 1 1 1 1 2 5 2 7 5 4 5 4 1 1 1 2 | 44Y 1.100 | 1 1 1 3 1 2 5 9 13 17 5 1 6 2 1 1 1 1 | 71 Y0.9000 - 1 1 2 2 2 1 2 8 12 24 25 24 14 3 2 2 1 3 1 1 - 1310.7000 | 2 1 1 5 8 13 33 62 94 64 36 10 3 4 3 1 1 2| 343 PA 0.5000 | 1 2 1 1 1 1 1 2 4 8 33108287364279107 26 15 10 2 1 3 2 2 1 1 1 | 1264 RT 0.3000 | 1 1 2 3 2 4 10 24104617*********564 82 29 10 4 1 2 3 | 8064 O0.1000 | 2 2 4 4 10 46312***************338 45 7 7 5 1 1 1| 35337 JT -.1000 | 3 1 2 2 5 5 12 59511***************464 42 18 9 4 3 1 1 1 2 | 59257 EG -.3000 | 1 1 1 8 18 45326***************291 42 15 12 3 1 2 | 35140 CT -.5000 | 1 1 2 2 3 4 7 10 31117579*********619116 28 8 3 3 1 1 1 1 2 | 8223 T2 -.7000 | 1 1 2 8 12 28106249451265108 39 12 6 7 2 1 1 1 | 1300 I-.9000 | 1 2 1 3 6 3 14 18 74 77 65 27 18 2 6 1 1 1 1 1 1| 323 O-1.100 - 1 1 1 1 1 4 3 2 4 11 26 29 18 13 3 1 2 1 2- 124 N-1.300 | 1 2 2 3 5 2 13 10 10 9 2 5 2 1 3 1 1 1 | 73-1.500 | 1 1 1 1 1 1 2 6 12 12 6 2 2 | 48-1.700 | 1 1 2 3 5 3 4 2 1 1 | 23-1.900 | 2 2 2 1 1 3 3 4 1 2 1 | 22-2.100 | 1 1 2 2 3 2 3 1 1 1 1 1 | 19-2.300 | 1 1 1 1 1 2 1 1 1 1 1 | 12-2.500 | 1 1 1 1 3 1 | 8-2.700 | 3 2 1 1 | 7-2.900 | 1 2 | 3-3.100 - 1 - 1+--|--------------|--------------|--------------|--------------|--------------|--------------|+- - - - - - - - - - - - - - - -2 2 2 2 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4 3 1 0 8 6 5 3 2 0 8 7 5 4 2 0 0 2 4 5 7 8 0 2 3 5 6 8 0 1 38 2 6 0 4 8 2 6 0 4 8 2 6 0 4 8 8 4 0 6 2 8 4 0 6 2 8 4 0 6 2X AT TGT2Figure 7. The predicted beam spot at a target with window 2 m upstream of the target with foil andwindow scattering included.


