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Abstract y
One of the cyclotron systems running at the Nordion Int. radioisotope production 

facili ty at T RIUMF is the EBCO T R30. This cyclotron produces up to 250fLA on 
each of two beamlines simultaneollsly. Two solid (for the production of 20ITI, 57CO, 

67 Ga and 111 In ) and a p: '\SeOllS (for producing 1231) targe t station a re in routine oper
ation on this facility. Sillce future projections indicate a greater demand for l'eliable 
radioisotope production there is a program underway to increase the . output of the 
facility to double the presen.t level. One' ~ay that -this js being achieved is through a 
careful thermal analysis of the the soliu target system to maximize its performance . 
In conjum tion with this we have developed and tested a 500fL A upgrade of our solid 
target system. Gas targets are being in vestiga ted for possible ways of increasing the 
efficiency o f production via rotating/sweeping beams which allow higher beam cur
rents. Finally, the T R30 cyclotron is being upgraded to deliver 50-100% more beam 
on target . By pushing both the cyclot ron and target technology to the limit we will 
be able t o produce significantly higher levels of radioisotopes than many o ther com
parable fac ilities [1]. 

T R30 ISOTOPE PRODUCTION FACILITY 

Isotope productioll a t. T RI UM F proceeds on all fOll r cyclotron systems (520 MeV, 
CP 42, TR 30 and TIU 3) on i'i te. The EBCO TR30 cyclo t.ron, commissioned in July 
1990 , presently provides the most reliable high intensity beam for isotope production 
[2] . The TR30 cyclotroll is il unal beam . variable energy (15-30 MeV) H- machine 
that routinely provides over 200 i, A at 29 MeV Oll each of two (solid) targets simul
taneously. In addition to these t wo solid tru'get system.s all 1-123 product ion (from 
Xe-124 gas ) target is also lucated on the bealll li llc sys tems of the T R3G. 

At pre'sent the T R30 isotope produ ctiun fil.c ili ty runs near its maxim\lm capacity 
of 450-500 f LA 0 11 targe t. lit. 30 MeV . Futurf' businf'ss plam; cnll fo r increased bearn 
product ion and the desi1t~ of longer cuol duwn pn ious fur lUa~"l{e~~ To accom
m odat!" these requlrem £'lIts It IS essentuu to lUnease ~~ \fH.t'ent lU the T R30 
and also inCI'ease the capaci ty of t he targets to ac~p'Ct~e1e higher rl~~ levels. A 
significan t development program is llnderway to ilchieve ollr goats ove? tj;~ next 1.5 
years. 'INe will now (kscriiJe SO\llC of the work we have ~ihdertaken towards those 
goals. 

SOLID TARGET SYSTEMS 

The solid target system [3,4] is based on a water- cooled silver face onto which 
target material s are electroplated and irradiated in vacuum. By placing the target 
at a 7° angle to the beamline the incident beam is spread out over the silver face to 
distribute the heat load . The wings of the dOllhle-gaussian beam are renloved before 
the beam strikes the targe t by water-cooled graphite c' Il imators placed immediately 
in front of the target face. Therefore , a well-defined rectangular beam (2.5 cm x .7.5 
cm) strikes the target. Since the target materials are oftf'n enriched (and expensive!) 
it is normal to only plate this strike region of the silver face (to minimize losses Juring 
processing etc .). 

This type of solid target system has been iu usc at TRIUM F on the TCC CP42 
cyclotron for a decade. Except for minor refinements the system has essentially re
mained unchanged and h ilS pro ven to be effecti ve and relia ble for radioisotope pro
duction from plated metals. Since the CP42 collid only produce arollnd 200 fL A (i.e. 
the overall systelll was "cyclotron limiteJ") there W e\!; little ill l'ell ti ve to improve or 
increase the ca pacity of the targetry. However, the TR30 cyclotron can achieve up to 
500 fLA (usually split between two beamlines/ta.rgets). In addition, plans are under 
way (see below) to double this ca.pacity. To avoid tile situation of being "target li m
ited" in our isotope production it became illlperative that we increase the capaci ty 
of our targetry a t least by a factor of two. 

The most straightforward method of i ncrea~ing the target's a bility to accept more 
beam power is to increase the surface mea, increilSe the cooling wa ter flow rate, and 
spread the beam out more. Because the targets are transferred from the hot ce lls 
to the target s tations in a carrier shuttle insiue a pneuma ti c tube there are some 
size/geometry considerations and limitations. By optilllizing the target des ign 15,6] 
we were able to produce a new version (see Fig\ll't' 1) where the st r ike art'a is now (4 
cm x 10 cm) about twice that presently used. There were very few changes required 
to our existing system (basically, only minor lllodifications to the mechanism that 
manipulates the target to/from the rabbi t into the irradiatioll position were required ). 
Of course the wa ter flow must be proportionally incr("L~ed. In addition, we will make 
some furtlwr changes in the choice of materials and minor cOllstruc t ion modi fi cations 
in the future [6 ,7] . 

Recent tests with our original ta l'getry on the TIl 30 sllOw{'d it could perform at 
routine currents of lip to 250 p A at 30 l'd(·V. (' ;t lcula.tioll~ using it thermal model
ing fi nite elemen t an alysis cOlllputer program [8 ,0] for the new targN design impl ied 
tha t double this current should he pos:,ible. In order I.u tes t this we set up a tem
porary "ultra-high" CLUTen t target sta tion on it spare T R30 beam line . Using some 
scintillatillg materia l pa.';ted unto the slld,lce of the target we were ab le to produce a 
defocused bea m tha t wa;; aligned on the outlillcd strike area. A special ta.rget which 
con tained a n illlbeuded E -type TC alollg with five plated Ni-Ag TCs on the silver 
face [10] was thell test('d with bcal1l ClIIT(,llts (20 M('V) up to 450 fLA. With a wa
ter flow of ~40 L/m tillough the targe- t We' lllCHlit.ored the tCl1lperature of the silver 
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face dUliug b01l1b<lr<lu1eut. All.h()ugh l1ol. all Tes survived the ordeal we were able to 
extract sufficient illfonnation to Wlldllde our confidence in the system at its design 
goal of 500 pA on target. Figme 2 shows the surface temperature measurements and 
illdicates t emperatur('s at m<txinlLun "'pacity (500 /LA) which are below 1400 

- our 
prese nt operating conditious on standard targets. 

Subspqllent to a f..w further tests \'.'.: will proceed with the assembly of a complete 
500 J.l. A target station and incorporate it into the TR30 system during the next year. 
This will allow us to rUll either single beam at currents up to 500 J.l. A or a total of 
750 J.l.A when m1llling dual beam. For thp latter case, the TR30 upgrade (see below) 
will be 1H:cessary. SuLse<juent to the TR30 upgrade being proven successful we will 
consider a second ultra-high current lilrget station in order to maximize the overall 
TR30 system's capacity and flexibility at 1 mA (30 MeV) on-target. 

GAS T ARGET SYSTEMS 

The gas target system being u~ed on the T R30 is based on Xe-124 for the produc
t.ioll of 1-123. This target cont.ain~ the Xe gas wit.hin a cylind1ical volume and has a 
d01lble He -cooled havar entrance window. The present current limitation (30 MeV ) 
of this target is 150 /lA Hnd it is rout inely run at 125 J.l. A for Nordion lut. in their 
('oll1mercial 1-123 production progralll. 

We undertook all examination of the performance of this (and similar PET) gas 
tmget under typical bam bardn1ent conditions by first making an analysis of the beam 
loss resulting from multiple scatteriug in the target. I3y varying such parameters as 
gas density and beam focus we were able to make some general conclusions with 
regard to the efficiP11cy of the system under typical irradiation conditions. Typically, 
we fouuel that the geometry of the target under normal operating conditions result.ed 
jlJ a lllHke-rate loss of about 44% due to lost beam (as calculated fro111 a standard 
productio1l yield curve). I3y changing fro11l a parRllel beam to Ol1e that was slightly 
focu~sed we were able to reduce this to 37%. However, by far the largest effect was 
~('e11 wh(, lJ the target length was halved aud the pressure of the Xe gas was doubled. 
III this case our theoretical model predicted a loss of only 18%. 

Of course, our model could uot simulRte one of the biggest effects we are aware of 
notably "hole punching" or deplet ion of gas in the path of the beam due to heating. 

To perform t.his analysis would require a complex finite element aJlalysis modeling 
l'wgralll. However, it should be ]los~ible t () make empirical meRsun:ments of the 
"ffect if it can be remov('d or siguificalltly dilllillished. This might be achieved either 
I,y ,\11 illtcrllol stinillg sy~t(,lll (foll) or, ,lIterllati vely, oy rRpidly moving or oscillating 
tbe L('<l111 over the targ,f't willdow to avoid gas dcplctioll at a particular location. 
The latte1' lllf'tllOd is part.icularly adv,u1tag('0lls siurc it also diminishes the effects of 
1)(,<\111 hot.-spOb and ids() reduct'S th(' lllilxilllulll foil t.(,ll11)('ratllre. However, for this 
t.o be effective the nppmpriate I"'alll jlill"iLlucters lllllSt hc used e.g. the frequency of 
oscillatioll 1I1ust be s('veralllllnd1"1'(1 Hz ill order to lllinillliz(' potcnti,d thermal cycling 
effects Oll the long-t./'nll ll1('ch,1l1ind str(,)lgth of the foil [11J. 
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In a number of ca lculat.ious we varied the bC<llll clistriLution on the fa(e of t he 
gas target in te rms of the sweep radius and wid th of the beam a no assumed that 
the sweep frequency was rapid enough such tha t the temperature distribut ions on 

the window could be well represented by time-averaged values. We found that for a 
gi ven bea m curren t on t a rget an optimum beam size and sweep radius exists (for a 
particular target geometry) thal results in a minimu m peak foil temperature. F igure 
3 highlights these conditions for our particular targctry. If peak foil temperature is 
the limi t we have on our ~ill"getry then tlus method of t.!ist ributing the heat load 
would also ena ble us to make a corresponding increase in the beam current. 

CYCLOTR ON UPGRADE 

The TR30 routinely pro duces over 400 J.l.A on target and can achieve a maximum 
of 500 It A [2J. Wit h suit able upgrades i\.nd changes we int.end to double this capacity 
by the end of 1004. The major changes are: 

• 	 Upgrading the RF system from 40 E W to 70 k W . 

• 	 Upgrading the ion source and injection line. The present ion source delivers 5 
mA DC. Some recent development work is indicatillg that t his can be increased 
to 7 rnA with few modificat ions. Development wurk is also underway on a 
small (1 MeV) "central region model" cyclo tron to improve the injection line by 
reconfiguring elements and adding a buncher to improve on injection efficiency. 

• 	 Other services (power, cooling water e tc.) must be upgraded. In addition solid 
target chemistry must accommodate the lar'ger targets (discussed above) that 
will be prepared and processed. I3ea11l1ine opt ics requi re minor changes (one 
interesting optiOll [l2J thHt has been sllggestP<l is illcorporating octopoles to 
flatten the be<llll i.e . reduce the peak powcr density at t Ile center of the target 
face). 

The beam te~ts already performed at 450 ItA on a single beamline prove the 
ability of the sys tem (extractioll foils, oeamliu(' mId target components) to accept 
and transmit high power beams into tbe target areas. 

CONCLUSIONS 

Our tests on the high cuneut I.<ll),;etry tog<'tll<'r with Ollr ongoing research into the 
improve111ents n~qllired 011 tIl(' TTI30 show that. l11\\Ch higher levels of radioisotope 
production are n ·a.list.ic<llly achievahle 011 this sYStt'lll. I3y 1005 we will have reached 
another interestiug hanier where the exist.ing cyclotron and targetry will seemingly 
have both reach('d their U1,\xilll\\l1l C<lpa.cit.if·s. In that case we will indeed have pushed 
beam currents to th(' li1uit or C<lll we go eVCll further'! 
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FIGURE CAPTIONS 

1. 	 a) and b) The new 'soo J.l.A' target and target station. 

2. 	 Surface and cmbedued TC measurements for the' 500 J.l.A' target. 

3. 	 P ower density calculations for various beam sweeping parameters. 
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