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RADIOACTIVE ION BEAM DEVELOPMENTAT HRIBF�J. Kormiki1;2yz, H.K. Carter2, D.W. Straener4J.R. Beene3, R.F. Welton3, and P.E. Mueller31 Vanderbilt UniversityNashville, TN 37235 USA2 Oak Ridge Institute for Siene and EduationOak Ridge, TN 37831, USA3 Physis Division, Oak Ridge National LaboratoryOak Ridge, TN 37831, USA4 University of TennesseeKnoxville, TN 37996, USA(Reeived Deember 1, 1998)At the Holi�eld Radioative Ion Beam Faility the hardware to produeand deliver the RIB's for nulear physis and nulear astrophysis exper-iments is in the initial stage of operation. The 69As and 17F have beendelivered for the �rst experiments. Presently intense researh is in progressto improve the intensity of As and F beams. The 63;64Ga beams and the56Ni beam in bath mode are in development plans.PACS numbers: 28.60.+s, 29.25.Ni, 29.27.AHoli�eld Radioative Ion Beam Faility (HRIBF) [1℄ is based on two ex-isting aelerators: the Oak Ridge K=100 Isohronous Cylotron (ORIC),and the 25 MV tandem aelerator. Extensive experiene exists in the Lab-oratory in ion soures and eletro magneti separation. Primary light parti-le beams, protons (up to 50MeV, 50 �A), deutrons, 3He, and 4He bombarda thik target in the Ion Soure (IS) loated on the 200kV RIB InjetorPlatform (Fig. 1). Reation produts di�used out from the target mate-rial are ionized in IS After mass seletion, optional harge exhange (when� Presented at the XXXIII Zakopane Shool of Physis, Zakopane, Poland, September1�9, 1998.y On leave from Institute of Nulear Physis, Craow, Poland.z Substituted talk was presented by K. Rykazewski3.(615)



616 J. Kormiki et al.positive IS is used), and isobar separation the radioative ions are injetedinto Tandem and aelerated. Charge exhange (interation with Cs vapors�10�2 torr, other gases will be examined also) is based on a 3 step proess:dissoiation (if the reation produt is extrated from IS as a moleule),neutralization, and eletron pik up.

Fig. 1. 200 kV Injetor platform oneptual view.The ability to produe the Radioative Ion Beams (RIB) by means of theIsotope Separation On-line (ISOL) tehnique is predominantly the hallengeof high e�ieny target/IS researh and tehnology. The suess in RIBprodution with the intensities satisfying the need of experiments dependson the applied IS and targets. The main limitations are related to properseletion and performane of target materials sine target temperature insome ases exeed 2000ÆC. The target material properties suh as thermalondutivity, hanges of struture with temperature, impurities, di�usionoe�ient, release time, and interation with reation produts on the targetsurfae, determine the e�ieny of extration of reation produts from thetarget. Further, the adsorption of atoms and ions on inside surfaes, andionization e�ieny determine the overall IS performane. Up to ertainlimits, depending on the above parameters, the e�ieny of an IS improveswith inreasing of target and IS temperature. In pratie eah RIB beamneeds to be an individual separate projet.At HRIBF the performane of seleted IS are studied with the ion separa-tor on-line (UNISOR) using low intensity beams (protons 40MeV, 25 pnA),and deutrons from the tandem aelerator. Also, intensive program of al-ulations related to an IS design and target properties is arried out [2℄. The



Radioative Ion Beam Development at HRIBF 617�ux of extrated radioative ions is measured using the standard on-line nu-lear spetrosopy tehnique, where samples are olleted and transportedon a moving tape to a position in front of a Ge detetor. Presently two typesof IS are under examination, the Eletron Beam Plasma (EBP) positive IS[3℄ (Fig. 2) based on the CERN/ISOLDE design [4℄ and the Kineti EjetionNegative Surfae Ionization IS [5℄ (Fig.3).

Fig. 2. Eletron Beam Plasma Ion Soure, 1-target, 2-transport line, 3-athode,4-anode, 8-target holder, 9-target heater.
Fig. 3. Kineti Ejetion Negative Surfae Ionization IS, 1-transfer line, 2-poroussurfae ionization matrix for Cs ionization (W), 3-onial kineti ejetion surfae(Ta).The As beam is produed in EBP IS using a liquid Ge target (70Ge(p; 2n)69As, T1=2=15.1 min.). For the transfer line temperature of 1600ÆC therelease time for As is �35 min. The overall e�ieny of IS for 69As is 0.85%,and the amount of 69As, from the isotope separator, is 106 atoms/se for25 nA proton beam. Normalized to 1 �A gives 4*107pps/�A. With targettemperature exeeding 1400ÆC the yields for As derease, and IS e�ieny(measured with Xe alibrated leak) derease as well. This e�et seems tobe aused by exessive target vapor (Ge) pressure poisoning the soure. At



618 J. Kormiki et al.temperatures over 1600ÆC migration of liquid Ge on the walls toward thetransport line ours, taking all Ge out of the target holder. To ontroland redue this e�et we will try to make ooled barriers on the insidesurfaes, to stop migration of the liquid, and a ooled needle in the enter toondense the exess of Ge vapors bak into the target holder. That shouldallow an inreased target operating temperature, whih should inrease theAs di�usion.To produe 17F (16O(d; n)17F, T1=2=64.7 se) the Al2O3 target is used.First we heked the release of radioative 18F from target material at varioustemperatures, measuring the target radioativity before and after heating.From the solid Al2O3 the release is negligible. To enhane di�usion we useAl2O3 �bers with SiO2 binder. The �ber diameter is in the range from 200to 3 mirons. That improved the release of 18F signi�antly. For �bers thebest release measured this way is about 95% at 1700ÆC. Cheking the massspetra for release of F from Al2O3 �bers in the IS, we determined thatthe release of atomi F is very low, and only about 2% of moleular AlF.Most probably, F, whih is hemially very ative, binds with Al from thetarget on the target surfae, and is absorbed on all inner surfaes. Thereforewe an produe and extrat from this IS only moleular AlF. For EBP ISthe maximal yield of Al17F from �bers measured at low beam intensity andnormalized is about 107 pps/�A. The yields obtained for di�erent targetmaterials and various �ber diameters, and the dependene of yields uponthe temperature are shown in Fig. 4. With inreasing target tempera-ture, yields for Al2O3 inrease, but start to derease at about 1400ÆC. Thesame derease is seen also for Xe. This may be attributable to AlF dissoia-tion, and inreased target and binder vapor pressures (Al2O3 �bers meltingpoint is 2045ÆC). To analyze this e�et we use a HfO2 �ber target whihhas onsiderably higher melting point (2812ÆC). We investigated the HfO2�ber target up to 2100ÆC, and up to this temperature the yield inreased(see Fig. 4). A new design of target/heater will allow higher target temper-atures to hek this performane. The yields of Al17F from both Al2O3 andHfO2 �bers, measured with 25 pnA protons, and normalized to 1 �A, are inthe range of 107 pps/�A. The release time for �uorine, measured with 18F(18O(p; n)18F), is about TR�3.5 min.A negative IS has the advantage over positive IS due to elimination ofthe harge exhange proess (about 10% e�ieny for 19F). We investigatedalso the Kineti Ejetion Negative Surfae Ionization IS with the same tar-get materials and target heater. For o�-line tests with a ontrolled leak ofSF6 gas into the IS, e�ieny for 19F is up to 5%, but in on-line tests it issigni�antly lower. For now, the best 17F yield, measured for this IS is 106pps/�A, whih orresponds to about 0.02% e�ieny, and is less than whatthe EBP IS an produe. Di�erent versions of this IS, with di�erent Cs ion-
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A:  Al 2O3 fibers from RATH  (3−5 µm dia.)
B:  Al2O3 fibers from ZIRCAR ’sample’ (2−3 µm dia.)
C:  Al2O3 fibers from ZIRCAR ’delivered’ (2−3 µm dia.)
D:  HfO2 fibers from ZIRCAR  (4−6 µm dia.) 
E:  Al2O3 fibers from DuPont  (~20 µm dia.)
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Fig. 4. Yields for moleular Al17F, temperature dependene and maximum yieldsfor various materials.izers are urrently under investigation. Until now the highest intensities ofRIB delivered for experiments using primary proton and deutron beam are:for 69As �106 pps/2.6�A, and for 17F from HfO2 target �5*104 pps/5.0�A.Other RIBThe results presented above for Al2O3 target was obtained at UNISORwith only low intensity primary beam. For higher primary beam intensities(over few �A) the beam deposit substantial amount of heat in the targetmaterial, and there are indiations that suh overheating may ause hangesin target material struture (sintering for �bers) additionally limiting theRIB prodution as well for Al2O3 as for other targets.Several upgrade plans for the future of HRIBF are urrently under dis-ussion and planning. The initial option was to replae ORIC by a modernproton aelerator (200 MeV, 100�A). However, the reent funding of theSpallation Neutron Soure (SNS) at ORNL with its 1GeV, 1mA proton beamprovide a unique oportunity to utilizing the advantage of high energy pro-tons for produing radioative ions. Runing SNS in a sharing mode, up to�100�A ould be added to the SNS beam and then direted to the ISOLfaility. The tehnial options for an ISOL faility in the U.S. are presentlybeing reviewed by DOE Task Fore.
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