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SUMMARY�
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Do not exceed one page.


There are a number of approved experiments awaiting particular radioactive beams from ISAC, some of which will require a significant number of beam shifts to complete their studies. This has/could put a considerable demand on ISAC beam scheduling. In addition, TRIUMF has had some difficulty producing radioactive beams of volatile elements such as oxygen, nitrogen, neon and others. The main difficulty has been the lack of an operating on-line ion source to ionize these elements efficiently. A contributing factor for some of these elements is the difficulty of choosing an appropriate target material. Although there have been some successes elsewhere and in the past at TISOL, it is difficult to produce beams of such elements as oxygen and nitrogen due to their chemical properties, i.e., they do not diffuse out of the target material easily. Recent work at TRIUMF has indicated that there is a possibility of producing such beams of oxygen and perhaps other such volatile elements with reasonable intensities using a low energy proton beam, e.g., using the TR13 or CP42 cyclotrons.  This proposal seeks the approval of the EEC to perform the next phase of these proof-of-principle study, namely, to transfer gaseous radioisotopes from the TR13 to OLIS, ionize them and subsequently, to accelerate them, to determine the feasibility of this alternate method. Specifically, we propose to produce an accelerated radioactive beam of 14O. This demonstration would include measuring the efficiencies of all steps and an estimate of the final RB intensities that could be used at a facility such as DRAGON. If successful, this could provide ISAC with a second method of producing radioactive beam that could be used simultaneously with the main production approach using 500 MeV protons.
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Experimental area


TR13 cyclotron area, OLIS 





�
�
Primary beam and target (energy, energy spread, intensity, pulse characteristics, emittance)





Not required


�
�
Secondary channel








Not required�
�
Secondary beam (particle type, momentum range, momentum bite, solid angle, spot size, emittance, intensity, beam purity, target, special characteristics)





Not required


�
�
TRIUMF SUPPORT:


Summarize all equipment and technical support to be provided by TRIUMF.  If new equipment is required, provide cost estimates.


NOTE: Technical Review Forms must also be provided before allocation of beam time.


The assistance of TRIUMF staff (beam lines group) is required to assist with the installation of the transfer tube from the TR13 area to OLIS. The assistance of the ion source group is needed to assist with the introduction of the gaseous species into OLIS and to operate OLIS. The assistance of the ISAC accelerator group is needed to accelerate the beams. The yield station of ISAC can be used to measure the produced radioactivity. �
�
NON-TRIUMF SUPPORT:


Summarize the expected sources of funding for the experiment.


Identify major capital items and their costs that will be provided from these funds.
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Summarize possible hazards associated with the experimental apparatus, precautions to be taken, and other matters that should be brought to the notice of the Safety Officer.  Details must be provided separately in a safety report to be prepared by the spokesperson under the guidance of the Safety Report Guide available from the Science Division Office.


Depending upon the level of activity produced and transferred, some hazards are present in the form of radiation exposure and thus all experimental areas would be adequately shielded. Safety approval will be sought prior to the implementation of the study. As this is a proof-of-principle study, permanent shielding would not be proposed. 





�
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INTRODUCTION / RATIONALE	


The type of radioactive beams required for the nuclear astrophysics program presently pursued by the DRAGON and TUDA facilities involves radioisotopes not too far from stability in the low Z region (A<30) and with half-lives of the order of seconds or longer. Such isotopes as 11C, 13N, 14.15O and 19Ne can be made in high intensities with low energy proton and deuteron beams as has clearly been demonstrated by production techniques used in nuclear medicine.  Low energy protons are also used successfully at certain other RB facilities including Louvain-la-Neuve in Belgium and HRIBF in the U.S.  Further, an approach similar to what is to be proposed here has been used successfully at the Lawrence Berkeley Laboratory for the BEARS facility [1]. 


Recent work here [2] using the TR13 has demonstrated that intense ion beams of 14,15O with intensities up to 108 ions/second may be possible using one of the low energy cyclotrons on site. Table 1 presents production rates in a gaseous target using the TR13. 





                Table 1: Calculated production rates in a target using 50 (A of 13 MeV protons (TR13)


Isotope�
Half-life�
Target Material�
Production Reaction�
Saturation Rate of Production�
�
11C�
20.3 m�
14N2 (g)�
14N(p,()11C�
2.4 x1011/s�
�
14O�
70.6 s�
14N2 (g)�
14N(p,n)14O�
2 x 1010/s�
�
15O�
122.2 s�
15N2 (g)�
15N(p,n)15O�
2.1 x 1011/s�
�
13N�
9.97 m�
O2 (g)�
16O(p,()13N�
4.8 x 1010/s�
�
18F�
1.83 h�
Enriched 18O(g)�
18O(p,n)18F�
5.2 x 1011/s�
�
17F�
64.5 s�
Neon gas�
20Ne(p,()17F�
1.5 x 1011/s�
�






 In summary, irradiation of a gaseous target of nitrogen gas containing a small amount of H2(g) with 13 MeV protons leads to the formation of large quantities of H214O. Using on-line, fast transfer and chemical separation procedures on these water molecules, this was converted to CO molecules. These were transferred over 200 m of tubing with high efficiency. The results of this proof-of-principle experiment were that with optimal resources, up to 1.4x1010  of  14O/s or 4.0x1010 15O/s could be ‘leaked’ into an ion source located 200 m from the production site. (Optimal resources equates to using 200 (A of 42 MeV protons for 80 sec into two targets).  The use of deuterons introduces an advantage in that one is not forced to use enriched isotopes as targets, e.g, 14N2(g) can be used rather then enriched 15N2(g) to produce 15O. Also, in some cases deuteron reactions may be more favorable.


More generally, there are a range of isotopes that could be produced using low energy protons or deuterons and the projected saturation (not optimal irradiation times) production rates from a target are indicated in Table 2. The accelerator parameters are considered typical of what could be used. In addition, there are other heavier radioisotopes such as 35Ar (from 35Cl ) that could be produced when needed. The cyclotron for these is described in the Appendix.





			Table 2: Production rates projected using 80 (A of 17 MeV p or  8 MeV d.


Isotope�
Half-life�
Target Material�
Production Reaction�
Saturation Rate of Production�
�
11C�
20.3 m�
 Nitrogen gas�
14N(p,()11C�
4.0 x1011/s�
�
14O�
70.6 s�
 Nitrogen gas�
14N(p,n)14O�
8.0 x 109/s�
�
15O�
122.2 s�
 Nitrogen gas�
14N(d,n)15O�
3.3 x 1011/s�
�
13N�
9.97 m�
Oxygen gas�
16O(p,()13N�
1.30 x 1011/s�
�
17F�
64.5 s�
Oxygen gas�
16O(d,n)17F�
6.7 x 1011/s�
�
18F�
1.83 h�
Neon gas�
20Ne(d,()18F�
9.8 x 1010/s�
�
19Ne�
17.2 s�
SF6(needs dev.)�
19F(p,n)19Ne�
~1 x 1010/s�
�



There are a range of experiments which have been or will be proposed to use such beams and the intensities required are less that the rate of production indicated in Table 1. Table 3 provides a brief summary of such experiments, not only in nuclear astrophysics but also for other ISAC programs. 





             Table 3: Beam requirements for ISAC experiments approved or to be presented.


Beam�
Experiment #�
Optimal Intensity�
Minimum Intensity�
�
11C�
new�
108,9�
�
�
14O�
924�
106�
5 x 105�
�
15O�
813�
1011�
1010�
�
15O�
900�
109�
108�
�
13N�
805�
109�
108�
�
17F�
946�
109�
108�
�
19Ne�
811�
108�
107�
�






PROPOSAL


Summary: 


We propose to produce the radioactive isotopes indicated above in a gas target irradiated by a proton beam from the TR13 cyclotron (or deuteron beam, if available/see Addendum). These isotopes would then be separated from the bulk target gas and transferred to an ion source at ISAC, probably at the OLIS station, where they would be ionized and accelerated.  In this manner we hope to determine the feasibility of this approach (proof-of-principle). The first study will be to produce an accelerated beam of 14O as most of the early development work has been performed for this isotope, because this is probably one of the more difficult beams to produce at ISAC, and also has relatively high safety hazards due to its gamma emission.


 Details:


The steps from production of the isotope to ion beam will differ slightly for each isotope, but in general will follow the procedure outlined below.
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Examples of these steps will be given in the following section using 14O as a case study.





 Accelerated 14O Beam


Production: The radioisotope will be made using the 14N(p,n)14O reaction, using protons with energies in the range of 13 to 20 MeV depending upon the available accelerator. The target chamber would contain 5% H2(g) in natural N2(g) at a pressure of 2.1 MPa. All irradiations would be performed in static mode. In a production mode, two such target systems would be used to provide a continuous injection into the ECR ion source at OLIS. The product of these irradiations would be H214O(g) which would be transferred from the target area to a nearby glove box for on-line processing.


Purification Chemistry: Heating and subsequent passing of the flowing gas (with H2O(g)) through crushed graphite at high temperature converts the 14O to CO form as per the reaction:


				2H214O  +  3C(graphite) ( 2 C14O(g)  + CH4(g)


After the oven the gas can be passed over a soda-lime trap to remove unconverted CO  and then through a molecular sieve at liquid nitrogen temperaturs to retain the CO(g) allowing the bulk N2(g) target gas to pass. The efficiency of this step is ~92% [2].


Transfer: The C14O(g)  is transferred to an ion-source (probably an ECR) on OLIS. This step is a major loss factor in this procedure depending upon the separation distance between the production cyclotron and OLIS. Studies performed using TR13 [2] exhibit an overall efficiency (of all steps) of about 2% if the length of the transfer line is 200 m. A higher efficiency would be obtained for shorter distances. It should be noted that a much higher efficiency (7%) was measured if H2O(g) was transferred directly without chemical manipulation. 


Ionization: The 14O produced in static mode must be slowly bled into the ion source over an amount of time equal to the production time so as to provide a steady state ion beam until the next batch arrives. The can be made more efficient if two target and transfer production systems were used to provide a more continuous flow. The length of irradiations would be chosen to optimize the final yield and it is not necessarily  saturation irradiation. A length of 80 s is optimal for 14O.  The efficiency of the ion source on OLIS (probably an ECR) has not been measured but an efficiency of about 10% should be possible.  It should be noted that the efficiency for ionizing H2O(g) is not known and needs to be measured as the overall efficiency is higher with this molecule.


Acceleration: The ion beam from OLIS is then accelerated using the ISAC accelerators in well known fashion to deliver the beam to DRAGON or TUDA. The efficiency of this step is mainly dictated by the necessity for using a stripper foil and is ~40%. The final beam will be measured using the gamma array of DRAGON. 


Safety Hazards: The main hazard arising from the use and production of 14O is the energetic gamma ray (2.2 MeV) emitted in its decay. Shielding around the chemical facility is normal however, depending upon the total activity, additional shielding (lead) may be required around OLIS during these operations. 


Summary of 14O Study: Based upon the results of S. Lapi [2], taking into account the time it takes to trap and transfer the activity and using two traps, the total rate that could be introduced into the ion source is ~4 x 109 14O/s. Coupling this with the efficiency of OLIS and the ISAC accelerator, the resultant beam flux available for DRAGON or TUDA is estimated to be ~1.6 x 108 14O/s. This flux is considered quite acceptable for most proposed studies.  


	Location of Production Cyclotron


At present the only cyclotron easily available for these proof-of-principle tests is the TR13.  However this machine is located about 200 m from OLIS and is also used extensively for production of PET radionuclides. This reduces its capability for producing radioisotopes for ISAC for extended periods of time, e.g, a typical TUDA or DRAGON experiment would require beams a minimum of one full week  and perhaps longer. The use of the CP42 is possible but this would need to be negotiated with the MDS NORDION. The CP42 is also separated a distance of the order of 200m but it does have higher beam currents and higher proton energies available which could have some advantages. 


In the Addendum is a description of a small cyclotron with properties optimal for these applications. It accelerates protons to 17 MeV and deuterons to 8 MeV, with currents as high as 80 (A. A deuteron beam is excellent for producing 15O using 14N rather than much more expensive 15N. Deuterons are also useful for producing 18F. (With a small upgrade this cyclotron can also accelerate 3He and 4He, the former which is optimal to make 15O). This cyclotron is relatively new and is available (essentially for minimal costs) and a proposal will be made to TRIUMF administration to bring it to TRIUMF. It could be located in a site much closer to OLIS increasing the efficiency of the transfer. 


Transfer Route


For purposes of the proof-of-principle test, as indicated the production cyclotron will be the TR13. There are two possible routes for this transfer line as indicated on the figure below. The selection of the appropriate route will be made by TRIUMF administration but the advantages and disadvantages of each route will be presented. 





Beam Request


Beam time on the main TRIUMF cyclotron is not required but the use of OLIS is required with the appropriate ion source. These studies will be scheduled between uses of OLIS for normal ISAC RB experiments.
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Addendum





Overview


A small Scanditronix cyclotron (MC 17) has been offered to TRIUMF essentially free of charge, with the only cost factor for the transport of the system to TRIUMF. The MC 17 is presently located and operational at the North Shore Hospital in Manhasett, NY. It is being replaced by a newer facility immediately. The MC 17 accelerates 17 MeV protons and 8.5 MeV deuterons, with nominal beam currents of 50 (A, but higher currents up to 80 (A. The system is operational today and all components including power supplies, pumps, beam line elements, separator magnets, RF systems, internal ion source and several external target systems are available. The facility will be removed from its site by the end of 2003. It accelerates positive ions, not negative as is done in TRIUMF cyclotrons. There is some residual activity presently on some of the internal elements of the machine. 





Facility Parameters


A cyclotron vault of size (length: 5.0 m, width: 4.0 m, height 3.0m) is recommended. An external room size of 8.4m x 4.0m x 3.0m is suggested for beam transport system. The floor load is about 20 metric tons. The associated power supplies would be accommodated in a room of about 20 m2. Shielding walls of about 5’ (concrete) with a maze entry are suggested. Documentation on all specifics is available while some pictures are given below.
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