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Radioactive ion beams (RIBS) of I7F and 18F are of interest for investigation of astrophysical 

phenomena such as the "hot" CNO cycle and the rp stellar nuclear synthesis processes. In 

order to generate useful beam intensities of atomic F-, the species must be efficiently and 

expediently released from the target material, thermally dissociated from fluoride release 

products during transport to the ionization chamber of the ion source, and efficientiy ionized in 

the source upon arrival. We have conceived and evaluated two proto-type negative ion sources 

for potential use for RIB generation: (1) a direct extraction source and (2) a kinetic ejection 

source. Both sources utilize Cs vapor to enhance F- formation. The mechanical design 

features, operational parameters, ionization efficiencies for forming atomic F- and delay times 

for transport of F and fluoride compounds for the respective sources are presented. The 

efficiency q for formation and extraction of F- for the direct extraction negative ion source is 

found to be q - 1.0% while the characteristic delay time z for transport of F and fluorides 

through the source is typically, r\ - 120s; the analogous efficiencies and delay times for the 

kinetic ejection negative ion source are, respectively: q = - 3.2% and z = - 70s. 
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1 .O Introduction 

Radioactive ion beam (RIB) facilities have been constructed or proposed for construction 

around the world because of the paramount interest in using accelerated RIBS to measure 

reactions of fundamental importance in nuclear structure physics and astrophysics. These 

facilities are predicated on the use of the well-established ISOL (Isotope Separation On-Line) 

technique which involves the bombardment of thick target materials close-coupled to high 

temperature targevion sources (TISs) with low-2 ions from a primary accelerator [ 1,2]. Short- 

lived radioactive species formed through nuclear reactions within the target material must be 

diffused from the interior of the target material, desorbed from the surface target, effusively 

transported to the ionization region of the TIS, ionized, extracted from the TIS, post- 

accelerated and delivered to the research station in a time span commensurate with the lifetime 

of the species. The delay times due to diffusion and effusion are usually the limiting processes 

and must be minimized as far as possible in order to avoid devastating losses of short lived 

RIB species. In addition, chemically active species are predominantly released in molecular 

form, leading to a variety of molecular fragment beams which dilute the intensity of the species 

of interest whenever conventional electron impact positive ion sources are utilized and cause 

inefficient ionization whenever surface ionization sources are the preferred means for ion beam 

generation. Since their presence dilutes the beam intensity of the species of interest and 

compromises the efficiency of the RIB generation process, means must be provided to 

dissociate molecules so that RIBS can be formed in a single mass channel and their individual 

atomic constituents can be ionized efficiently. The importance of incorporating methods in the 

design of RIB TISs for this purpose was first pointed out in Refs. 3 and 4. 

- 

+ -  

While negative ion sources have been developed that ionize the heavier but less chemically 

active halogens (C1, Br and I) and their compounds reasonably efficiently [S-1 I], F has proven 

to be much more difficult. In general, negative ISOL sources have not been utilized nor 
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developed as extensively as their electron impact positive source counterparts (see, e.g., the 

positive ion sources described in Refs. 12-14), in spite of the fact that they have distinct 

advantages for the generation of beams of certain classes of elements. For example, negative 

surface ionization has the potential of ionizing high electron affinity elements such as the 

halogens very efficiently. In addition, negative ion beams produced through surface ionization 

have low energy spreads and are less susceptible to isobaric contamination problems because 

of the..chemical selectivity of the surface ionization process. Negative ion beams must be 

injected into accdkrators such as the tandem electrostatic accelerator and therefore, direct- 

extraction type negative surface ionization sources eliminate the handicap of having to provide 

for charge exchange. 

.. .. 

Presently, there is considerable interest in RIBS for studying astrophysical processes such as 

the “hot” CNO cycle and rp processes which occur in the nuclear synthesis cycles of stellar 

systems; ”F and ‘*F are of particular interest for study of the rp process [I5]. However, the 

generation of adequate intensities of F poses several problems because of the chemical 

reactivity of the element and the refractory character of its compounds. Since the element is 

highly chemically reactive, i t  is principally released from the target material and transported to 

the ion source in molecular form. While molecular compounds generally have lower enthalpies 

of adsorption and consequently, reduced delay times during transit to the ionization chamber of 

the source, they must be thermally dissociated on anival in order to efficiently ionize the 

element of interest and thereby, maximize the intensity of the particular species [3,4]. During 

the past few years, steady progress has been ma& at the Oak Ridge National Laboratory 

(ORNL) in solving the effusive flow [ 161, molecular dissociation problems [3,4,17] and in the 

development of several types of targethon sources (TISs) which have demonstrated ionization 

efficiencies sufficiently high to merit consideration for on-line RIB generation of the isotopes 

of F [ 17,181. In addition. progress has 

release of short lived radioactive species 

been made in developing targets for fast and efficient 

[ 191. For example, fibrous AI,O, target material has 
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been chosen for RIB generation because of its refractory character and high permeability [ 191 

and used on-line to efficiently release 90% of the "F and "F isotopes produced during 

irradiation with high energy deuterons when operated at target temperatures of - 1600°C [20]. 

- In this report, brief discussions will be made of issues related to the release of fluorine 

compounds from AlzO, target material and their thermal dissociation during transport to the 

ioniza-tBn Chamber of the targethon source (TIS). Principal emphasis will be placed on 

descriptions of the mechanical design features and operational parameters of prototype direct- 

extraction and kinetic ejection negative ion sources which show promise for F- generation. In 

addition. the efficiencies for formation and extraction of F- and characteristic delay times for 

transport of F and fluoride compounds through each of the source types are presented. More 

detailed accounts of improved versions of these sources will be the subject of future articles. 

- 

\ 'a a -  

2.0 The Transport and Thermal Dissociation of AIF/CsF 

Thermodynamic calculations have been performed using Thermo-Calc [21] and HSC [22] for 

the release, transport and dissociation of F and fluoride compounds from A1,0, target material 

used for the production of isotopes of F for RIB applications. These calculations show that for 

small concentrations of atomic fluorine interacting with solid A1,0,, the principal 

fluorine/fluoride evaporation product will be AlF in the temperature range of 1300°C and 

1800°C. Since high temperatures are required for expeditious diffusion release of the species 

of interest from the production target, the A1,03 will be operated at > 1400°C during actual 

RIB generation. Following release from the target material, the AIF species must be 

expeditiously transported to the ionization region of the TIS in a time period close to that of the 

half-life of the desired radioactive isotope; for example, in time spans less than or equal to the 
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half-lifes of either "F (64s) or 18F (1.83 h). The delay-times for AIF and CsF in the Ta 

transfer tube, under Knudsen-flow conditions, can be estimated from the geometry of the 

vapor transport tube by calculating the average number of collisions that a particle makes with 

the walls of the tube during passage from the target to the ionization chamber of the TIS. The 

mean residence time of a particle on a surface at temperature T can be estimated from the 

Arrhenius relation, provided that the enthalpy of adsorption is known. In this particular case, 

the enthalpies of adsorption for AIF or CsF on Ta are not known but can be estimated by use of 

a simple thermal cycle approximation (described in Ref. 23) which relies on the knowledge of 

the enthalpies of adsorption of the atomic constituents of these molecules. For example, by 

using the enthalpies of adsorption for F on Ta [24] and for Al on Ta [25], the enthalpy for 

adsorption of AIF on Ta is estimated to be 3.2 eV [26]. The approximate residence time for 

- - 

p. 

AIF on Ta, as estimated from the Arrhenius relation, is - s at 1100°C. Thus, for the 

geometries of the Ta TISs used in these experiments for F ion beam generation, a particle 

makes - 1000 wall collisions during transit from the target to the ionization chamber of the 

source which correlates to delay times of a few seconds at this temperature. Thus, the Ta 

vapor transport systems of the TIS geometries used in the present experiments must be heated 

to temperatures of > I 100°C in order to avoid decay losses of the desired "F (64s) and '*F 

( 1.83 h)  isotopes. 

Since the AlF or CsF fluorides are very stable at relatively high temperatures, they arrive at the 

ionization chamber of the source intact. These molecules characteristically have low electron 

affinities which preclude their efficient negative surface ionization on low work function 

surfaces such as LaB,, CsDr or Cs/Ta. Thus, the fluoride compounds must be dissociated 

immediately prior to arriving on the low work-function ionizer surface, as first proposed and 

discussed in Refs. 3 and 4. According to thermodynamic equilibrium calculations, the TIS 

transport tube must operate at temperatures of - 2600°C and - 2 1 18"C, respectively, in order 
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to dissociate 95% of AIF and CsF at low operating pressures. An alternative to this difficult 

high-temperature engineering problem is to adsorb the AlFKsF molecules on a chilled surface 

while bombarding the surface with a heavy ion beam such as Cs' to simultaneously dissociate, 

kinetically eject and negatively ionize the species of interest, thus avoiding the necessity for 

excessively high TIS operating temperatures [ 171. One approach is to adsorb on a cool surface 

while bombarding the surface with an electropositive ions such as Cs' [17]. For example, 

efficient.mo1ecular dissociation of AIF (bond energy: - 7 eV [24]) can occur if sufficient energy 

is transferred to ttit! mdrecule during the sputter process. According to SRIM calculations, an 

average energy of - 20 eV is transferred to each molecule ejected from an AIF coated (- 1 

monolayer) Ta surface during bombardment with a 300 eV Cs' beam [27]. This energy is 

sufficient to simultaneously dissociate the molecule and eject the individual constituents from 

the surface. The Cs' beam not only serves both as an agent for dissociating and kinetically 

ejecting the individual atomic constituents but also lowers the work function to values such that 

-- 

C f , .  

* *  .* 

departing F atoms have a high probability of being negatively,ionized 128 1. The lunetic ejection 

source, described later in this article, is based on this phenomenon. 

3.0 The Direct Extraction Negative Ion Source 

3.1 Mechanical design and principles of operation 

Figure 1 shows a cross sectional view of the direct extraction negative ion source. Species, 

produced within and released from the target material, enter a vapor transfer tube constructed of 

Ta and effusively flow into the dissociatiodionization region of the TIS. The target material 

reservoir and vapor transfer tube are each independently resistively heated to high temperatures 

by passage of a few hundred amperes of current (I = 200 - 600 A) through the walls of these 

tubes. The thermal dksociation regi<n of the vapor transport tube is designed to operate at 

temperatures up to 2300°C by thinning the walls of the tube so that the high temperature region 
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of the source is located near the ionization surface of the source. The atomic constituents of the 

thermally dissociating molecules which strike the high temperature region of the tube are 

emitted onto a 1 = 6 mm by 4 = 7mm tubular ionization surface, also made from Ta, which is 

located immediately outside of the heating current path and near the end of the tube. The 

ionizing surface nominally operates at temperatures of - 1/2 those of the dissociation surface. 

Negative ions formed by surface ionization or dissociative attachment are accelerated through 

an apsehire the positively biased extraction electrode. Under optimum operating conditions, 

Cs vapor is added to the TIS at the rate of - 4.8 x IO"  atoms/s (Cs oven: 205°C) which is 
\'e - -  

sufficient for coverage of Cs on the cooler ionization surface over the operational temperature 

range of the source [29]. This has the effect of lowering the work function of the ionization 

surface to values as low as 1.8 eV at 8 - 0.5 which creates optimum conditions for negative 

surface ionization of highly electronegative species that leave the surface by thermal 

evaporation means [28]. Once formed, negative ions are extracted through an extraction 

aperture in the positively biased extraction electrode by the penetration of an external 

electrostatic field formed between source potential, typically 20 kV, and the acceleration 

electrode system at ground potential. 

3.2 Performance of the direct extraction negative ion source 

The ionization efficiency and effusive-flow delay-time measurement techniques and associated 

equipment used in these studies were developed earlier to provide the off-line capability of 

evaluating and developing candidate RIB sources with a wide variety of stable chemically reactive 

elements [30]. The ionization efficiency measurements for F were made by injecting SF, directly 

into the target material reservoir of the TIS through a cool nozzle at flow-rates commensurate with 

on-line RIB generation. Since SF, is gaseous at the operating temperature of the feed system (20" 

7 



- 300"C), flow-rates can be accurately controlled and measured. Once these gaseous molecules 

enter the target material reservoir of the TIS, which is maintained at high temperatures, e.g., 

- 1600°C for Al,O,, complete thermal dissociation rapidly occurs [2 1,221, releasing reactive 

atomic F into the TIS at a known flow-rate (6 x the SF, flow rate). In order to avoid premature 

dissociation of the SF, on hot surfaces of the injection nozzle which resulted whenever the nozzle 

was p l w d  in direct contact with the TIS tube, the nozzle was displaced from the entrance to the 

TIS by 4.2 mm. The fraction of material lost through this gap was determined using an equivalent 
.. \,', .. 

mass and flow-rate of noble gases with a positive ion source of known efficiency [12]. Particle 

losses were also calculated using well known reiations taken from the kinetic theory of gases {31]; 

for these experiments the transmission factor into the TIS was found to be 1 I .6%. F- was then 

extracted from the TIS at 20 kV and mass analyzed and monitored in a Faraday cup. 

In practice, the generation of RIBS requires the presence of the target material for producing the 

RIB species, highly permeable, fibrous AI,O, ($ - 3 pm) target material [32] was placed in the 

reservoir and held at a constant temperature of 1600°C throughout the course of these 

experiments. Since the release product from Al,O,, during actual RIB generation is AIF, this 

technique accurately simulates the production and transport processes involved in actual RIB 

generation AIF, is formed through chemical reactions between elemental F derived from 

thermally decomposed SF, injected into the TIS and the A1,0,. According to calculations with 

the codes described in Refs. 21 and 22, the AlF, evaporates according to AlF + 2F. Since CS 

vapor is simultaneously fed into the source, an unknown fraction of the Cs will react with free 

F and AIF in the TIS system to form CsF. This compound is more volatile and easier to 

dissociate than AlF. Even though CsF aids vapor transport in the source it does not survive 

during electron impact ionization as a molecular fragment beam, since the CsF fragment is not 

present in the positive ion mass spectra from the electron beam plasma target ion source 
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(EBPTIS) [4, 171, operated under similar temperature and SF, flow-rate conditions. However, 

these mass spectra do show numerous AlF,’ beams and low intensities of F’. Fig. 2 displays 

F ion current versus flow-rate of F entering the TIS at optimal operating conditions. The best 

performance was found with the following operating parameters: extraction electrode potential: 

310 V; Cs oven temperature: 205°C (4.8 x 1015 atomsh) and transport tube heating current: 

I = 450 A. In order to avoid intolerably high F- background problems, steady state flows of 
- - 

SF, d e  established for six minute time intervals (see the inset in Fig. 2). The data points, 

shown in Fig. 2, represent saturation values of the F ion current obtained by injecting SF, into 
- -  

the TIS over these time intervals at different steady state flow-rates. For convenience the 

neutral flow-rate of F into the TIS (assumed to be 6 x SF, flow-rate) is expressed in nA. The 

ionization efficiencies which were directly extracted from this data were found to have values 

of - 1 %  and were observed to be approximately constant over the 500 - 6500 nA flow-rate 

regime investigated. An example of the temporal behavior of the F ion current in response to a 

six minute “pulse” of SF, is shown in the inset of Fig. 2. Delay-times were determined by 

fitting a single exponential function to this time profile, as shown in the inset. Under the 

previously mentioned optimal source operating conditions, delay-times were found to be 

- 1 2 0 s .  

F- efficiency versus transport tube heating current I is shown in Fig. 3. Since thermal 

dissociation of AlF and CsF occur at high temperatures, it is important to know the temperature 

distribution along the transport tube. Ideally, thermal dissociation should occur immediately 

before the atomic products are emitted onto the ionizer surface for optimum ionization F- 

efficiency. The temperature at which the F evaporates from the ionizer surface should be less 

than the critical temperature for Cs evaporation (c - 1000°C [ 111). The temperatures in 

selected regions of the tube and ionization surface, as determined with ANSYS [33] and 

verified a several points by thermocouple measurements, are shown as additional axes in 
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Fig. 3. The other operational parameters of the TIS were set to their optimal values and held 

constant through out the measurements; the values used were: extraction electrode potential: 

+310 V; Cs oven temperature: 205°C; F flow-rate: 3360 nA. Although the source could be 

operated at temperatures as high as 2300°C requiring more than 450 A of current in the tube, 

the extracted F- beam was very unstable possibly due to the decomposition of the BN --- 

insulators because of the presence of high intensity BO- beams in the mass spectra. The 

dissociationfractions of AIF at the operational pressures of the TIS were determined by use of 

ThermoCalc [2 11 and HSC [22]; dissociation fraction versus temperature derived from these 

p: 

calculations are also displayed in Fig. 3. As evident from the figure, both the ionization and 

dissociation curves are approximately parallel over a wide range of source heating currents 

(340 - 430 A) suggesting that an overall efficiency approaching - 10% for formation and 

extraction of F could potentially be realized at a dissociation temperature of 2000°C. 

4.0 The Kinetic Ejection Negative Ion Source 

4.1 Mechanical design and principles of operation 

A cross sectional view of the kinetic ejection negative ion source is shown in Fig. 4. The 

construction of the TIS is the same as the direct extraction negative ion source, shown in Fig. 

1, with the exception that the positively biased extraction electrode is replaced with a reentrant 

cylindrical electrode maintained at a negative potential with respect to the vapor transport tube. 

The flow of Cs through the source is fundamentally important for dissociating molecules, 

kinetically ejecting their atomic constituents while creating a low work function surface 

commensurate with efficient negative surface ionization [28]. The maximum and minimum 

flow-rates of neutral Cs vapor through the vapor transport system can be estimated by 

respective application of the Knudsen (effusive flow) and Poisueille flow relations (viscous 
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flow) [3 11. Under these conditions, the flow rate ranges between an 0.5 pA and 4.2  LA over 

the range of Cs oven temperatures used in the experiments (179" to 205°C); the maximum 

estimated flow rate through the Cs vapor transport system, under Knudsen flow conditions, 

ranges between 86 and 235 pA over the same range of Cs oven temperatures. Since the mean 

free path A of Cs in the transport tube is very close to the inner diameter of the tube (41 s 1 
55 - 

mm; R z 0.92 to QB7 mm), thus, the pressure conditions are in the transition region between 

the two sets of extrema and the actual Cs flow rate will lie somewhere below the Knudsen flow 

condition. 

Under normal operating conditions, the vapor transport tube is heated to a temperature 

sufficiently high to surface ionize the fraction of Cs vapor that contacts the surface of the tube 

near the exit. Cs' particles, evaporated within the influence of the electrostatic field between the 

end of the tube and the reentrant electrode, are extracted under space charge limited conditions 

and accelerated against the reentrant electrode which is biased negatively with respect to the 

transport tube at potential differences up to - 500 V. The perveance of the electrode geometry 

for Cs', as calculated by use of the code, PBGuns [34], is 2.7 x IO-* [AmpsN "1. Since the 

potential difference between the exit of the transport tube and negatively biased reentrant 

electrode for extracting the Cs' beam ranged between 100 and 500 V, the calculated Cs' beam 

intensity lies between 27 and 302 pA. However, the maximum equivalent Cs vapor flow rate 

at 205°C is 235 pA and so the actual beam intensity cannot exceed this value, even if 100% of 

the Cs vapor is ionized. In actuality, the fraction of the total neutral Cs flux that strikes the 

inner surface of the vapor transport tube within the influence of the electric field is expected to 

be quite small, corresponding to a low Cs' beam intensity for a given Cs oven temperature. 

The Cs' beam intensity was not directly measured during the experiments. 
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Since the temperature of the re-entrant electrode (350°C) is considerably less than the nominal 

temperature of the vapor transport tube (- 1400"C), the AIF/CsF release products will 

preferentially condense on this electrode. Under continuous bombardment of this surface with 

Cs' ions at energies of 300 - 500 eV, the adsorbed particles will have a high probability of 

being sputtered from the surface. A fraction of the energy imparted to the lattice of the Ta 

mat& by the penetrating (ion implanted) Cs' arrives back at the surface where it is transferred 

to lattice atoms and adsorbed atoms that may be present on the surface. In order to sputter 

lattice atoms, a minimum energy of - 20 eV [35] must be transferred (threshold for sputtering). 

Thus, sufficient energy is available for dissociation of molecules (5 - 10 eV) that may be 

adsorbed on the surface and atodmoiecule collisions at the surface can favor a dissociative 

exit channel [36]. 

-- 

.<c * 

Under operational conditions . the flow-rate of neutral Cs vapor is sufficient to form - a 

monolayer on the relatively cool reentrant electrode [29]. Under these conditions, the effective 

work function of this surface can be reduced to very low values (as low as 1.8 eV for 8 = 0.5, 

where 8 is the relative coverage of Cs on the surface) which greatly enhances the probability 

for negative ion formation during the ejection process [28]. Negative ions formed in the 

kinetic ejection process are extracted from the source through an aperture in the reentrant 

electrode by a penetrating electric field maintained between the TIS and the grounded extraction 

electrode. 

4.2 Performance of the kinetic ejection negative ion source 
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The methods described in Ref. 30 were used to measure the F- efficiency and effusive flow 

delay-times for fluoride compounds through the kineticejection negative ion source. The 

efficiency for F was found to be maximum when the TIS was operated with a vapor transport 

tube heating current of I = 300 A, a reentrant electrode voltage of 500 V and a Cs oven 

temperature of 192OC, corresponding to a maximum Cs flow-rate of 9.1 x 1014 atom& or an 

equivalent flow rate of 145 PA. At this heating current, the positive ion emission surface 

temperatures rangd ffom - 1 100°C to - 1500°C within the vapor transport tube of the TIS 

- - 

.;% -. 
a '  

while the temperature of the negatively biased reentrant electrode was - 350°C [33]. 

Figure 5 displays mass analyzed F- beam intensity versus reentrant electrode potential at three 

Cs oven temperature for a fixed heating current of 310 A and a fixed F flow rate of 7969 nA. 

If the heating current is decreased below I = 300 A or increased beyond I = 330 A, the F- 

efficiency decreases as noted. The Cs flow-rate ranged between 4.2 x 1OI4 and 1.5 x 10'' 

atoms/s corresponding to a range of Cs reservoir temperatures between 179" and 205OC. 

Under the optimal Cs flow condition of 9.1 x 1014 atoms/s (Cs oven temperature: 192" C), 

the F ion current reaches saturation at 255 nA at a reentrant electrode voltage of - 275 V. The 

efficiency for F- formation reached values of 3.2% when operated with the following 

parameters: heating current: 300A; electrode voltage: 275 V; Cs oven temperature: 192"C, in 

spite of the poor overlap between the bombarding Cs' and the adsorption surface of the 

negatively biased electrode (calculated by use of PBGuns [34]). The ionization efficiency was 

relatively constant for fluorine feed rates between 558 and 11245 nA as was the delay-time (Z 

= 70 $) for transport of AIF/CsF through the TIS system. 
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5.0 Conclusions 

Chemically active species are usually released from the target material and arrive at the 

ionization region of the TIS in molecular form. Although molecular compounds generally have 

lower enthalpies of adsorption and consequently, reduced delay times during transit to the 

ionization chamber of the source, they present major impediments toward achieving high 

efficienc.ies and beam intensities in both positive and negative RIB sources. For example, the 

mass spectra from'$osi tive ion sources are often characterized by multiple molecular fragment 

beams which contain the element of interest [4,17] and consequently, the intensity of the 

species of interest is diluted. Analogously, molecules may have electron affinities much lower 

than those of the species of interest and since the negative surface ionization process increases 

exponentially with electron affinity, the intensity is drastically reduced and consequently the 

efficiency of the particular negative surface ionization source is compromised. The problems 

associated by the presence of molecules and the importance of incorporating means for 

dissociation in the design of RIB TISs were first pointed out in Refs. 3 and 4. Therefore, 

molecules must be dissociated on arrival at the ionization chamber of the particular source in 

order to maximize the intensity of the particular species and efficiently ionize the atomic 

constituent of interest in electron impact positive ion sources such as the EBPIS as well as in 

negative surface ionization sources such as the ones described in this article. The molecular 

problem has been demonstrated experimentally by observation of several molecular fragment 

ion beams in the mass spectra of beams extracted from the EBPIS when operated with fluoride 

compounds [4,17] and predicted by thermodynamic calculations using ThermoCalc [Zl] and 

HSC [22]. This problem is a central impediment to the development of high-efficiency 

negative surface ionization sources for fluorine because the release products are always in the 

form of stable fluorides which generally have low electron affinities and Consequently low 

efficiencies for negative surface ionization. We have shown that, to a large degree, this 

problem can be overcome by the implementation of TIS systems which employ either thermal 

-- 

+>s. 
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or collisional dissociation mechanisms in addition to conventional negative surface ionization. 

The dissociative surface ionization TIS was operated at temperatures considerably less than 

those required for complete thermal dissociation of AIF and yet the efficiency for F- beam 

formation reached values up to - 1%. The kinetic ejection negative ion source, which relies on 

energy transfer from a Cs beam to dissociate molecules condensed on the surface of a 

negatively biased electrode reached efficiencies > 3%, in spite of the poor overlap, relatively 

low perveance of the electrode system for Cs beam formation and, consequently, low Cs beam 

intensity. NeveriheleS's. the efficiencies for both sources, in combination with the good F 

release characteristics of fibrous AI,O, [19,20] show promise for use in a variety of 

astrophysics experiments involving "F and "F. Research at the Oak Ridge National 

Laboratory is supported by the U.S. Department of Energy under contract DE-ACOS- 

960R22464 with Lockheed Martin Energy Research Corp. 

e.?. -. 
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Figure Captions 

Fig. 1 .  Cross sectional view of the direct extraction negative ion source. 

Fig. 2 .  The dependence of the F- ion current on flow-rate of F entering the TIS taken under 

optimal ion source conditions for the direct extraction negative ion source. Each data point was 

determined by intfbduiing a six minute pulse of SF, (see the inset) into the TIS and noting the 

resulting saturation value for the F ion current. 

<%-. .. -- 

Fig. 3. Variation of F ionization efficiency with the vapor transport tube heating current I 

which determines the temperatures of the dissociation and ionization surfaces in the TIS. 

Theoretical dissociation fraction of AIF as a function of the cavity temperature are also shown. 

Fig. 4. Cross sectional view of the kinetic ejection negative ion source. 

Fig. 5 .  F ion current extracted from the TIS as a function of the re-entrant electrode potential 

for three Cs reservoir temperatures. 
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