
TRIUMF UNIVERSITY OF ALBERTA EDMONTON, ALBERTADate 2001/03/30 File No. TRI-DNA-01-2Author GM Stinson Page 1 of 27Subjet A study of additional proton beam lines to the ISAC building1. IntrodutionBeam line 2A delivers a 500 MeV proton beam to the targets of the ISAC faility of TRIUMF. That beamline is designed suh that beam may be delivered to either of two targets that are loated symmetriallyabout the inident proton beam. At present one, the west target, is operational; the seond, the easttarget, is under onstrution. When that is ompleted, eah target ould have its own ion soure and/orits own target material. In this manner, should one target develop a problem, beam ould be redireted tothe other target while repairs were being made to the faulty target. However, were problems to develop ineither beam line 2A and/or the ylotron, until problems assoiated with those omponents were addressedno radioative beam would be available to experimenters.It has been suggested that in planning for the future, onsideration of the provision for an alternate beamdelivery system to ISAC should be made. This report presents a study of suh an alternative.2. An overview of this reportThe shemes reported here involve the use of extration port 4. As suh, this would allow beam deliveryto two independent ISAC targets and, onsequently, to two di�erent experiments at ISAC. Also, were beamline 2A have problems, beam to ISAC ould still be delivered to one target. However, it does not alleviatethe unavailability of beam should the ylotron itself develop a problem.In what is presented here, an attempt to use as many existing beam-transport elements as possible. Thusone or more of the following have been assumed in this study.1. Beam line 4B is deommissioned.This frees one 35Æ dipole (urrently designated 4AB2) and seven standard 4Q14/8 quadrupoles foruse in any designs. One additional quadrupole of this type beomes available if its (leaking) oils arereplaed.2. Beam line 4A2 is deommissioned|that is, the Parity experiment will be �nished within the next fewyears.This frees one 12Æ dipole and three more 4Q14/8 quadrupoles.3. Beam line 4A may or may not be deommissioned|that is, the existing TISOL faility may or may notbe required in the future.If the TISOL faility will be required in the future, beam line 4A ould be maintained as it exists.Alternately, the beam line ould be reon�gured to run parallel to the east-west wall of the protonarea. This would allow the existing beam dump to be used but would require that TISOL be movedto a new loation and additional optis added at its top end.If the TISOL faility will not be required in the future, an additional 35Æ dipole and are seven 4Q14/8quadrupoles beome available.4. The existing stores building will be reloated.Serviing requirements of the ylotron require that the foundation of the remote-handling buildingbe at the same level as that of the ylotron building. Consequently, it is not possible to tunnel underthe remote-handling omplex. For one, and possibly both, of the designs presented here, reloationof the existing stores building will be required.



Page 2 of 27 File No. TRI-DNA-01-2Thus a minimum of one 35Æ dipole, one 12Æ dipole, and ten 4Q14/8 quadrupoles are expeted to beomeavailable for reuse beause of the deommissioning of beam lines 4B and 4A2. This rises to a total of two35Æ dipoles, one 12Æ dipole, and seventeen 4Q14/8 quadrupoles if beam line 4A is also deommissioned.Figure 1 shows beam line 2A (the existing beam line that feeds experiments at ISAC), beam line 4A (theexisting beam line that feeds experiments at TISOL), and the two new extration lines that are onsideredin this report. Eah of the latter two will be disussed in more detail in what follows. Here we give asynopsis their designs only.One possible extration line, labelled beam line 4R (for beam line 4, Reverse bend) in �gure 1, is similarto beam line 2A in that there is a long drift length through the berm. Beam is then direted north to atarget assembly similar to that that exists on beam line 2A. After extration, radioative beam would passthrough a mass separator (not shown) and ontinue east, eventually being brought to grade level as in theexisting ISAC faility. Beam is then transported to the rossover of the �rst dipole of the OLIS (On LineIon Soure) from whih it ould be delivered to either the low energy areas or to the aelerator omplex.Alternatively, radioative beam ould be analyzed and passed on to a small aelerator where it ould beaelerated and sent diretly to an experimental setup.The other line, labelled beam line 4PR, is direted into the proton hall Parallel to its east-west wall andthen direted north in a Reverse diretion. Alternately, beam ould ontinue parallel to the wall of theproton hall to a reloated TISOL assembly. The present TISOL loation is indiated in �gure 1 by the(more-or-less) reverse L-shaped line near the end of beam line 4A. Its new loation on beam line 4PR isindiated in a similar manner.We now proeed to a more detailed disussion of these beam lines. It is stressed at the outset that theon�gurations given in the following setions are by no means unique; let it be reognized that otherarrangements of beam-transport omponents are equally viable and possible.3. Beam line 4RFigure 2 shows this beam line on a larger sale. This on�guration begins with the existing on�gurationof the vault omponents of the existing beam line 4. To these a quadrupole doublet is added to ompletethe vault setion of the beam line. These elements have been adjusted to produe a dispersed double-waistat the point labelled W1 at the midpoint of a 16 m drift below the berm that exists at grade level aroundthe ylotron vault. Beam size at this waist is nominally (x, y) = (�0.59 m, �0.49 m). In onjuntion,the quadrupole doublet upstream of dipole 4AB2 and another downstream of it are adjusted to produea doubly-ahromati double waist at the point W2 where the nominal beam size is (x, y) = (�0.49 m,�0.27 m).There follow two quadrupole doublets that at as a mathing setion to produe another double waist atthe point W3 with a beam size of (x, y) = (�0.20 m, �0.20 m). Another pair of doublets operate as aunit setion to produe the same beam size at the target loation W4. All quadrupoles are of the standard4Q14/8 variety. Horizontal and vertial beam envelopes along the line are shown in �gure 3.As drawn, it has been assumed that all of the existing proton-hall beam lines have been deommissioned.As suh the vault dipole 4VB1 has been rotated from its present orientation and deets the beam throughan angle of 32.59Æ. Dipole 4AB2 also deets the beam through an angle of 32.59Æ. Thus the existing 4VB1and 4AB2 dipoles are used in this partiular beam transport on�guration.Table 1 lists the TRANSPORT input for this beam line. Beam properties and overall transfer-matrixelements are listed in table 2 at the waist loations.Figure 4 shows a possible variation of the above design. As in the design of �gure 1, the �ve vault quad-



File No. TRI-DNA-01-2 Page 3 of 27rupoles and the two doublets either side of dipole 4AB2 are adjusted to produe a dispersed double waistat the midpoint of the long drift through the vault berm, W1, and a doubly-ahromati double waist atthe W2 loation. At W1 the beam dimensions are nominally (x, y) = (�0.58 m, �0.48 m). However,at the W2 loation a beam size of (x, y) = (�0.20 m, �0.20 m) is produed. Downstream of W2 a six-quadrupole unit setion translates the beam spot found at W2 to the target loation W3. All quadrupolesof the six-quadrupole setion are powered equally and, in priniple, ould be operated from one singlepower supply.Beam envelopes along this on�guration are shown in �gure 5.Table 3 lists the TRANSPORT input for this beam line. Beam properties and overall transfer-matrixelements at the waist loations are listed in olumns 2, 3, and 4 of table 4.Were a beam line with a smaller quadrupole ount desired, the six-quadrupole unit setion desribed aboveould be replaed with a four-quadrupole one. TRANSPORT input for suh a setion is given in table 5;all transport parameters up to and inluding the loation designated W2 are idential to those given intable 3. The beam-line on�guration is idential to that shown in �gure 4 exept that the six-quadrupolearrangement between points W2 and W3 is replaed with a `-QQ-2`-QQ-` array with ` = 3:83976 m.Beam properties and overall transfer-matrix elements at the W3 loation are listed in olumn 5 of table 4.Figure 6 shows the beam envelopes for this four-quadrupole, unit setion sheme.4. Beam line 4PRAn option that does not involve tunneling under the vault berm is beam-line 4PR. This line leaves theylotron vault Parallel to the east-west vault wall, enters the proton area, and is then deeted north ina Reverse diretion by two 45Æ dipoles. This line is shown in more detail in �gure 7.In this on�guration the 4VB1 vault dipole bends the extrated beam through 24.81Æ. Another quadrupole,4VQ4, is added between the exit of the dipole and the vault wall. Existing quadrupoles 4AQ4 and 4AQ5 arerelabelled 4AQ5 and 4AQ6 respetively and, in onjuntion with the four vault quadrupoles, are operatedto produe an ahromati double-waist at the loation labelled W1. There the nominal beam size is (x, y)= (�0.94 m, �1.46 m).Beam is deeted north through the wall of the proton hall by two 45Æ dipoles. For the on�gurationshown, these dipoles are new|that is, it is felt that the existing dipoles of beam line 4 annot produe therequired �eld for the required deetion. Between these two dipoles are two quadrupole doublets, separatedby 4.40 m, that are adjusted to produe doubly-ahromati, double waists at the loation W2. Here thenominal beam size is (x, y) = (�0.04 m, �0.23 m). A following quadrupole doublet produes anotherdouble waist at the loation W3 where the beam size is predited to be (x, y) = (�0.93 m, �0.56 m).Between loations W3 and W4 lies a four-quadrupole mathing setion that produes a nominal beam sizeof (x, y) = (�0.25 m, �0.25 m) at the W4 point. A subsequent four-quadrupole unit setion reproduesthe beam harateristis of W4 at the target loation W5.A TRANSPORT listing for this on�guration is given in table 6. Beam harateristis and overall transfermatries at the waist positions are given in table 7. Horizontal and vertial envelopes along this beam lineare shown in �gure 8.As noted in x2, this beamline ould deliver beam to a reloated TISOL faility by turning o� dipole 4AB2.and ontinuing to transport beam parallel to the east-west wall of the Proton Experimental Hall. Thison�guration is shown in more detail in �gure 9. Beam pro�les in this instane are shown in �gure 10.A TRANSPORT input listing is given in table 8 and beam parameters at various points along the line arelisted in table 9.



Page 4 of 27 File No. TRI-DNA-01-2For this mode of operation vault quadrupoles 4VQ1/2/3 are tuned for `normal' operation of beamline 4PR.Quadrupoles 4VQ4 and 4AQ5/6 are slightly detuned from that normal operation so as to provide an ahro-mati double waist at the loation labelledWST1 3.288 m downstream of quadrupole 4AQ6 and somewhatupstream of dipole 4AB2. At this point the nominal beam sizes are (x; y) = (�0.925 m, �1.46 m).Dipole 4AB2 is turned o� and the beam drifts some 6 m further to a four-quadrupole array that produesa nominal beam size of (x; y) = (�0.25 m, �0.25 m) at the enter of the TISOL target. A quadrupoledoublet and a 19.8Æ dipole are used to diret beam to the (existing) beamline 4A beam dump.5. DisussionAdmittedly, this study is speulative. Its intent has been to indiate that it is indeed possible to providean additional beamline to the ISAC faility. It will also be noted that an extrated energy of 460 MeV hasbeen used. This was hosen somewhat arbitrarily to be well below any energy that might be extrated intobeamline 2A, thus allowing simultaneous extration into that beamline and into beamline 4A.Finally, we present in �gure 11 a ompletely speulative shemati diagram that shows a produtiontarget|similar to that of beamline 2A|loated in the Proton Hall. The dashed lines are meant to indiateextration from the that target and injetion into a small ylotron loated in the hall. Aelerated beamfrom that ylotron ould the be direted into either of beamlines 4P or 4PR and transported to the ISACfaility. In the event that the main ylotron were not operational, the small ylotron with its own ionsoure ould provide aelerated beam for experimental use in the main ISAC omplex.



File No. TRI-DNA-01-2 Page 5 of 27Table 1Listing of TRANSPORT for beam line 4R'01/02/21 { 460MEV { BL4 REVERSE 33 DEG BEND { ACHROMATIC '013. ' ' 12.00000;16.00 'X0 ' 16.00000 9.82964;16.00 'Z0 ' 18.00000 �5.31156;16.00 'T0 ' 19.00000 155.18701;1.00 'BEAM' 0.12700 1.60400 0.56100 0.57500 0.0 0.10000 1.03673;12. ' ' 0.0 0.0 0.0 0.0 0.0 �0.94900 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0;1.00 'FOIL' 0.0 0.27300 0.0 0.27300 0.0 0.0 0.0 0.0;14. 'ROW1' �0.04140 0.32970 0.0 0.0 0.0 1.46880 1.00000;14. 'ROW2' �3.11000 0.11160 0.0 0.0 0.0 1.97800 2.00000;14. 'ROW3' 0.0 0.0 1.14100 0.65040 0.0 0.0 3.00000;14. 'ROW4' 0.0 0.0 0.51000 1.16500 0.0 0.0 4.00000;3.0 '4VM1' 0.31440;3.0 'Q1IN' 0.16825;5.00 '4VQ1' 0.41110 1.65930 5.08000;3.0 'Q2IN' 0.62755;5.00 '4VQ2' 0.40700 �1.49164 5.08000;3.0 ' ' 0.49970;3.0 'Q3IN' 0.50460;5.00 '4VQ3' 0.39720 1.22467 5.08000;3.0 ' ' 0.95496;19.00 'SOL1' 0.59055 0.00001;3.0 ' ' 0.95037;3.0 'B1IN' �0.04528;2.0 ' ' 16.29675;4.000 '4VB1' 1.56290 12.58686 0.00000;2.0 ' ' 16.29675;3.0 'B1EX' 0.00001;3.0 ' ' 0.65000;5.00 '4AQ4' 0.40640 �1.38044 5.08000;3.0 'Q4EX' 0.00001;3.0 'Q5IN' 0.30480;5.00 '4AQ5' 0.40640 2.02138 5.08000;3.0 'Q5EX' 0.00001;3.0 'D1 ' 1.00000;3.0 'D2 ' 1.00000;3.0 'D3 ' 1.00000;3.0 'D4 ' 1.00000;3.0 'D5 ' 1.00000;3.0 'D6 ' 1.00000;3.0 'D7 ' 1.00000;3.0 'W1 ' 1.00000;3.0 'D9 ' 1.00000;3.0 'D10 ' 1.00000;3.0 'D11 ' 1.00000;3.0 'D12 ' 1.00000;3.0 'D13 ' 1.00000;3.0 'D14 ' 1.00000;



Page 6 of 27 File No. TRI-DNA-01-2Table 1 (Continued)3.0 'D15 ' 1.00000;3.0 'D16 ' 1.00000;5.00 '4AQ6' 0.40640 3.16063 5.08000;3.0 ' ' 0.30480;5.00 '4AQ7' 0.40640 �2.62615 5.08000;3.0 ' ' 0.65000;2.0 ' ' 16.29675;4.000 '4AB2' 1.56290 12.58686 0.00000;2.0 ' ' 16.29675;3.0 ' ' 1.00000;5.00 '4AQ8' 0.40640 1.77314 5.08000;3.0 ' ' 0.30480;5.00 '4AQ9' 0.40640 0.34895 5.08000;3.0 'W2 ' 2.00000;3.0 ' ' 0.18728;3.0 ' ' 0.50000;3.0 ' ' 0.50000;5.00 '4Q10' 0.40640 2.31451 5.08000;3.0 ' ' 0.30480;5.00 '4Q11' 0.40640 �3.50555 5.08000;3.0 ' ' 0.50000;3.0 ' ' 0.30480;3.0 ' ' 0.50000;5.00 '4Q12' 0.40640 2.83247 5.08000;3.0 ' ' 0.30480;5.00 '4Q13' 0.40640 �2.01143 5.08000;3.0 ' ' 0.50000;3.0 ' ' 0.50000;3.0 'W3 ' 0.18728;3.0 ' ' 1.00000;3.0 ' ' 0.36109;3.0 ' ' 1.00000;5.00 '4Q14' 0.40640 �3.61888 5.08000;3.0 ' ' 0.30480;5.00 '4Q15' 0.40640 3.61888 5.08000;3.0 ' ' 1.00000;3.0 ' ' 0.36109;3.0 ' ' 1.00000;3.0 'MID ' 0.00001;3.0 ' ' 0.00001;3.0 ' ' 1.00000;3.0 ' ' 0.36109;3.0 ' ' 1.00000;5.00 '4Q16' 0.40640 �3.61888 5.08000;3.0 ' ' 0.30480;5.00 '4Q17' 0.40640 3.61888 5.08000;3.0 ' ' 1.00000;3.0 ' ' 0.36109;3.0 'W4 ' 1.00000;SENTINEL;SENTINEL;
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Table 2Beam sizes an overall transfer-matrix elements at the waists of beam line 4RParameter W1 W2 W3 W4x (m) 0.590 0.487 0.200 0.200� (mr) 0.371 0.433 1.055 1.055y (m) 0.487 0.266 0.200 0.200� (mr) 0.377 0.690 0.917 0.917R11 (m/m) 0.3697 �1.5334 �1.5554 1.5554R12 (m/mr) �0.3523 0.2743 �0.0191 0.0191R16 (mr/%) 1.3173 0.0000 0.0000 0.0000R21 (mr/m) 2.8698 �3.1257 1.2833 �1.2839R21 (mr/mr) 0.0260 �0.1064 �0.6405 0.6405R26 (mr/%) 0.5448 0.0000 0.0000 0.0000R33 (m/m) 1.2670 �0.4883 �0.5427 0.5426R34 (m/mr) 1.4624 �0.0153 �0.6052 0.6051R43 (mr/m) �0.8603 �2.0257 1.9716 �1.9720R44 (mr/mr) �0.2056 �2.1066 0.3604 �0.3607



Page 8 of 27 File No. TRI-DNA-01-2Table 3Listing of TRANSPORT for beam line 4R with a 6-quadrupole unit setion'01/02/21 { 460MEV { BL4 REVERSE 33 DEG BEND { ACHROMATIC + 6Q UNIT SECTION'013. ' ' 12.00000;16.00 'X0 ' 16.00000 9.82964;16.00 'Z0 ' 18.00000 �5.31156;16.00 'T0 ' 19.00000 155.18701;1.00 'BEAM' 0.12700 1.60400 0.56100 0.57500 0.0 0.10000 1.03673;12. ' ' 0.0 0.0 0.0 0.0 0.0 �0.94900 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0;1.00 'FOIL' 0.0 0.27300 0.0 0.27300 0.0 0.0 0.0 0.0;14. 'ROW1' �0.04140 0.32970 0.0 0.0 0.0 1.46880 1.00000;14. 'ROW2' �3.11000 0.11160 0.0 0.0 0.0 1.97800 2.00000;14. 'ROW3' 0.0 0.0 1.14100 0.65040 0.0 0.0 3.00000;14. 'ROW4' 0.0 0.0 0.51000 1.16500 0.0 0.0 4.00000;3.0 '4VM1' 0.31440;3.0 'Q1IN' 0.16825;5.00 '4VQ1' 0.41110 1.65818 5.08000;3.0 'Q2IN' 0.62755;5.00 '4VQ2' 0.40700 �1.45369 5.08000;3.0 ' ' 0.49970;3.0 'Q3IN' 0.50460;5.00 '4VQ3' 0.39720 1.15685 5.08000;3.0 ' ' 0.95496;19.00 'SOL1' 0.59055 0.00001;3.0 ' ' 0.95037;3.0 'B1IN' �0.04528;2.0 ' ' 16.29675;4.000 '4VB1' 1.56290 12.58686 0.00000;2.0 ' ' 16.29675;3.0 'B1EX' 0.00001;3.0 ' ' 0.65000;5.00 '4AQ4' 0.40640 �1.36565 5.08000;3.0 'Q4EX' 0.00001;3.0 'Q5IN' 0.30480;5.00 '4AQ5' 0.40640 2.01145 5.08000;3.0 'Q5EX' 0.00001;3.0 'D1 ' 1.00000;3.0 'D2 ' 1.00000;3.0 'D3 ' 1.00000;3.0 'D4 ' 1.00000;3.0 'D5 ' 1.00000;3.0 'D6 ' 1.00000;3.0 'D7 ' 1.00000;3.0 'W1 ' 1.00000;3.0 'D9 ' 1.00000;3.0 'D10 ' 1.00000;3.0 'D11 ' 1.00000;3.0 'D12 ' 1.00000;3.0 'D13 ' 1.00000;3.0 'D14 ' 1.00000;



File No. TRI-DNA-01-2 Page 9 of 27Table 3 (Continued)3.0 'D15 ' 1.00000;3.0 'D16 ' 1.00000;5.00 '4AQ6' 0.40640 3.22112 5.08000;3.0 ' ' 0.30480;5.00 '4AQ7' 0.40640 �2.82851 5.08000;3.0 ' ' 0.65000;2.0 ' ' 16.29675;4.000 '4AB2' 1.56290 12.58686 0.00000;2.0 ' ' 16.29675;3.0 ' ' 1.00000;5.00 '4AQ8' 0.40640 4.30532 5.08000;3.0 ' ' 0.30480;5.00 '4AQ9' 0.40640 �1.80486 5.08000;3.0 'W2 ' 2.00000;3.0 ' ' 0.37353;3.0 ' ' 1.00000;3.0 ' ' 1.00000;5.00 '4Q10' 0.40640 2.55186 5.08000;3.0 ' ' 0.30480;5.00 '4Q11' 0.40640 �2.55186 5.08000;3.0 ' ' 0.37353;3.0 ' ' 1.00000;3.0 ' ' 1.00000;3.0 ' ' 1.00000;3.0 ' ' 1.00000;3.0 ' ' 0.37353;5.00 '4Q12' 0.40640 2.55186 5.08000;3.0 ' ' 0.30480;5.00 '4Q13' 0.40640 �2.55186 5.08000;3.0 ' ' 0.37353;3.0 ' ' 1.00000;3.0 ' ' 1.00000;3.0 ' ' 1.00000;3.0 ' ' 1.00000;3.0 ' ' 0.37353;5.00 '4Q14' 0.40640 2.55186 5.08000;3.0 ' ' 0.30480;5.00 '4Q15' 0.40640 �2.55186 5.08000;3.0 ' ' 1.00000;3.0 ' ' 1.00000;3.0 ' ' 0.37353;3.0 'W4 ' 1.00000;SENTINEL;SENTINEL;
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Table 4Beam sizes an overall transfer-matrix elements at the waists of beam line 4R with 4- and 6-quadrupoleunit setionsParameter W1 W2 W3 (6Q) W3 (4Q)x (m) 0.584 0.200 0.200 0.200� (mr) 0.375 1.055 1.055 1.055y (m) 0.482 0.200 0.200 0.200� (mr) 0.381 0.917 0.917 0.917R11 (m/m) 0.3293 �1.4001 1.4001 1.4006R12 (m/mr) �0.3481 0.0563 �0.0563 �0.0562R16 (mr/%) 1.3620 0.0000 0.0000 0.0000R21 (mr/m) 2.9090 �3.8007 3.8008 3.7996R21 (mr/mr) 0.0246 �0.5763 0.5763 0.5763R26 (mr/%) 0.5308 0.0003 �0.0003 �0.0003R33 (m/m) 1.2449 �0.5741 0.5741 0.5743R34 (m/mr) 1.4444 �0.2581 0.2581 0.2585R43 (mr/m) �0.8772 �1.7753 1.7753 1.7751R44 (mr/mr) �0.2165 �2.5358 2.5358 2.5359



File No. TRI-DNA-01-2 Page 11 of 27Table 5Listing of TRANSPORT for beam line 4R with a 4-quadrupole unit setion'01/02/21 { 460MEV { BL4 REVERSE 33 DEG BEND { ACHROMATIC + 4Q UNIT SECTION'013. ' ' 12.00000;16.00 'X0 ' 16.00000 9.82964;16.00 'Z0 ' 18.00000 �5.31156;16.00 'T0 ' 19.00000 155.18701;1.00 'BEAM' 0.12700 1.60400 0.56100 0.57500 0.0 0.10000 1.03673;......Idential to table 3......5.00 '4AQ9' 0.40640 �1.80486 5.08000;3.0 'W2 ' 2.00000;3.0 ' ' 0.95994;3.0 ' ' 0.95994;3.0 ' ' 0.95994;3.0 ' ' 0.95994;5.00 '4Q10' 0.40640 �2.86412 5.08000;3.0 ' ' 0.30480;5.00 '4Q11' 0.40640 2.86410 5.08000;3.0 ' ' 0.95994;3.0 ' ' 0.95994;3.0 ' ' 0.95994;3.0 ' ' 0.95994;3.0 'MID ' 0.00001;3.0 ' ' 0.95994;3.0 ' ' 0.95994;3.0 ' ' 0.95994;3.0 ' ' 0.95994;5.00 '4Q12' 0.40640 �2.86412 5.08000;3.0 ' ' 0.30480;5.00 '4Q13' 0.40640 2.86410 5.08000;3.0 ' ' 0.95994;3.0 ' ' 0.95994;3.0 ' ' 0.95994;3.0 ' ' 0.95994;3.0 'W3 ' 1.00000;SENTINEL;SENTINEL;



Page 12 of 27 File No. TRI-DNA-01-2Table 6Listing of TRANSPORT input for beam line 4PR'01/02/21 { 460MEV { BL4 PERP 25 + 2x45 DEG BENDS { ACHROMATIC'013. ' ' 12.00000;16.00 'X0 ' 16.00000 9.82964;16.00 'Z0 ' 18.00000 �5.31156;16.00 'T0 ' 19.00000 155.18701;1.00 'BEAM' 0.12700 1.60400 0.56100 0.57500 0.0 0.10000 1.03673;12. ' ' 0.0 0.0 0.0 0.0 0.0 �0.94900 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0;1.00 'FOIL' 0.0 0.27300 0.0 0.27300 0.0 0.0 0.0 0.0;14. 'ROW1' �0.04140 0.32970 0.0 0.0 0.0 1.46880 1.00000;14. 'ROW2' �3.11000 0.11160 0.0 0.0 0.0 1.97800 2.00000;14. 'ROW3' 0.0 0.0 1.14100 0.65040 0.0 0.0 3.00000;14. 'ROW4' 0.0 0.0 0.51000 1.16500 0.0 0.0 4.00000;3.0 '4VM1' 0.31440;3.0 'Q1IN' 0.16825;5.00 '4VQ1' 0.41110 4.55095 5.08000;3.0 'Q2IN' 0.62755;5.00 '4VQ2' 0.40700 �4.49870 5.08000;3.0 ' ' 0.49970;3.0 'Q3IN' 0.50460;5.00 '4VQ3' 0.39720 5.17075 5.08000;3.0 ' ' 0.95496;19.00 'SOL1' 0.59055 0.00001;3.0 ' ' 0.95037;3.0 'B1IN' �0.04528;2.0 ' ' 20.00000;4.000 '4VB1' 1.56290 9.58221 0.00000;2.0 ' ' 4.81300;3.0 'B1EX' 0.00001;3.0 ' ' 2.19360;5.00 '4VQ4' 0.40640 0.99394 5.08000;3.0 'VWL1' 0.50000;3.0 'VWL2' 0.90000;3.0 'Q5IN' 3.30000;5.00 '4AQ5' 0.40640 1.31171 5.08000;3.0 'Q5EX' 0.00001;3.0 'Q6IN' 0.30480;5.00 '4AQ6' 0.40640 �1.44748 5.08000;3.0 'Q6EX' 0.00001;3.0 'W1 ' 1.00000;3.0 'D2 ' 1.00000;3.0 'D3 ' 0.71120;3.0 'D3 ' 0.71120;3.0 'D7 ' 0.65000;2.0 ' ' 22.50000;4.000 '4RB1' 1.81067 15.00000 0.00000;2.0 ' ' 22.50000;3.0 ' ' 0.65000;5.00 '4AQ7' 0.40640 3.44276 5.08000;



File No. TRI-DNA-01-2 Page 13 of 27Table 6 (Continued)3.0 ' ' 0.30480;5.00 '4AQ8' 0.40640 �1.73280 5.08000;3.0 'D9 ' 1.00000;3.0 'D10 ' 1.00000;3.0 'MID ' 0.10000;3.0 ' ' 0.10000;3.0 'D12 ' 1.00000;3.0 'D13 ' 1.00000;5.00 '4AQ9' 0.40640 3.48116 5.08000;3.0 ' ' 0.30480;5.00 '4Q10' 0.40640 �2.52674 5.08000;3.0 'D14 ' 0.65000;2.0 ' ' 22.50000;4.000 '4RB2' 1.81067 15.00000 0.00000;2.0 ' ' 22.50000;3.0 'D15 ' 0.65000;5.00 '4Q11' 0.40640 �2.07304 5.08000;3.0 ' ' 0.30480;5.00 '4Q12' 0.40640 4.40737 5.08000;3.0 'W2 ' 1.00000;3.0 'D16 ' 0.42669;3.0 'D16 ' 1.00000;3.0 'D16 ' 1.00000;5.00 '4Q13' 0.40640 3.90306 5.08000;3.0 ' ' 0.30480;5.00 '4Q14' 0.40640 �2.91054 5.08000;3.0 'D16 ' 1.00000;3.0 'D16 ' 1.00000;3.0 'W3 ' 0.42669;3.0 ' ' 2.57191;5.00 '4Q15' 0.40640 �2.00625 5.08000;3.0 ' ' 0.30480;5.00 '4Q16' 0.40640 2.11211 5.08000;3.0 ' ' 2.57191;3.0 ' ' 2.57191;5.00 '4Q17' 0.40640 0.37847 5.08000;3.0 ' ' 0.30480;5.00 '4Q18' 0.40640 �1.42526 5.08000;3.0 'W4 ' 2.57191;3.0 ' ' 2.26309;5.00 '4Q19' 0.40640 �3.67945 5.08000;3.0 ' ' 0.30480;5.00 '4Q20' 0.40640 3.68502 5.08000;3.0 ' ' 2.57191;3.0 ' ' 2.57191;5.00 '4Q21' 0.40640 �3.67945 5.08000;3.0 ' ' 0.30480;5.00 '4Q22' 0.40640 3.68502 5.08000;3.0 'W5 ' 2.57191;SENTINEL;SENTINEL;
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Table 7Beam sizes an overall transfer-matrix elements at the waists of beam line 4PRParameter W1 W2 W3 W4 W5x (m) 0.935 0.040 0.932 0.251 0.250� (mr) 0.226 5.323 0.226 0.842 0.842y (m) 1.459 0.226 0.556 0.250 0.252� (mr) 0.126 0.812 0.330 0.733 0.727R11 (m/m) 1.4991 0.3111 0.2180 �1.7554 1.7510R12 (m/mr) 0.5624 �0.0019 0.5724 0.0703 �0.0708R16 (mr/%) 0.0000 0.0000 0.0000 0.0000 0.0000R21 (mr/m) �1.7392 3.2097 �1.7816 �3.0371 3.0472R22 (mr/mr) 0.0284 3.2619 0.0041 �0.4598 0.4598R26 (mr/%) 0.0000 0.0000 0.0000 �0.0001 0.0001R33 (m/m) 3.1101 �0.2321 1.2179 0.2064 �0.2224R34 (m/mr) 4.1552 �0.5141 0.2431 0.5375 �0.5515R43 (mr/m) �0.3428 2.6855 0.8842 �2.4682 2.4318R44 (mr/mr) �0.1372 1.6500 0.9955 �1.5942 1.5449



File No. TRI-DNA-01-2 Page 15 of 27Table 8Listing of TRANSPORT input for beam line 4PR for beam delivery to TISOL'01/02/21 { 460MEV { BL4 PERP 25 DEG BEND { ACHRO { LONG { TO TISOL'013. ' ' 12.00000;16.00 'X0 ' 16.00000 9.82964;16.00 'Z0 ' 18.00000 �5.31156;16.00 'T0 ' 19.00000 155.18701;1.00 'BEAM' 0.12700 1.60400 0.56100 0.57500 0.0 0.10000 1.03673;...Idential to table 6...5.00 '4VQ4' 0.40640 1.00023 5.08000;3.0 'VWL1' 0.50000;3.0 'VWL2' 0.90000;3.0 'Q5IN' 3.30000;5.00 '4AQ5' 0.40640 1.31171 5.08000;3.0 'Q6IN' 0.30480;5.00 '4AQ6' 0.40640 �1.44882 5.08000;3.0 'WST1' 3.28807;3.0 'D2A ' 0.35000;3.0 'D3A ' 5.71149;3.0 'Q7IN' 3.30000;5.00 '4AQ7' 0.40640 �2.77518 5.08000;3.0 'Q8IN' 0.30480;5.00 '4AQ8' 0.40640 2.93645 5.08000;3.0 'D4A ' �1.00143;3.0 'D5A ' 3.35990;5.00 '4AQ9' 0.40640 1.58952 5.08000;3.0 'Q10I' 0.30480;5.00 '4Q10' 0.40640 �5.95239 5.08000;3.0 'TIN ' 1.35016;3.0 'TCL ' 0.35000;3.0 'TEX ' 1.35016;3.0 'Q12I' 1.00000;5.00 '4Q12' 0.40640 �1.59953 5.08000;3.0 'Q13I' 0.30480;5.00 '4Q13' 0.40640 1.65113 5.08000;2.0 ' ' 9.89950;4.000 '4RB1' 1.56290 7.64591 0.00000;2.0 ' ' 9.89950;3.0 ' ' 1.00000;3.0 ' ' 0.40640;3.0 ' ' 0.30480;3.0 ' ' 0.40640;3.0 'PWAL' 0.71649;3.0 ' ' 1.00000;3.0 ' ' 1.00000;3.0 'DUMP' 1.00000;
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Table 9Beam sizes an overall transfer-matrix elements at the waists for beam delivery to TISOL on line 4PRParameter WST1 TCL� PWAL DUMPx (m) 0.925 0.249 0.582 0.717� (mr) 0.228 0.846 0.611 0.611y (m) 1.463 0.250 0.529 0.704� (mr) 0.125 0.733 0.657 0.657R11 (m/m) 1.0702 �1.3114 �4.1551 �4.5694R12 (m/mr) 0.5622 0.1140 �0.1300 �0.2167R16 (mr/%) 0.0000 0.0000 1.2566 2.3037R21 (mr/m) �1.7760 �4.9550 �1.3811 �1.3811R22 (mr/mr) 0.0208 �0.3475 �0.2889 �0.2889R26 (mr/%) 0.0000 0.0000 3.4903 3.4903R33 (m/m) 3.0430 �0.3389 1.6055 2.2872R34 (m/mr) 4.1361 �0.6176 0.8144 1.3466R43 (mr/m) �0.3465 2.3346 2.2722 2.2722R44 (mr/mr) �0.1431 1.3112 1.7739 1.7739� TCL = TISOL enterline; PWAL = west wall of Proton Hall; DUMP = beamline 4A beam dump.
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Fig. 1. An overview of the beamlines disussed in this report.
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Fig. 2. Detail of the beamline 4R.
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Fig. 3. Beam pro�les along beamline 4P.
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Fig. 4. A variation of beamline 4P that uses a six-quadrupole unit setion.
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Fig. 5. Beam pro�les along the line 4P that uses a six-quadrupole unit setion.
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Fig. 6. Beam pro�les along the line 4P that uses a four-quadrupole unit setion.
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Fig. 7. Details of beamline 4PR.
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Fig. 8. Beam pro�les along beamline 4PR.
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Fig. 9. Details of beam delivery to TISOL with beamline 4PR.



Page 26 of 27 File No. TRI-DNA-01-2

Fig. 10. Beam pro�les for beam delivery to TISOL with beamline 4PR.
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Fig. 11. Speulation of beam delivery to a small ylotron loated in the Proton Hall.


