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Introduction

Tailored specifically for meeting local needs of hospitals, there is a growing install base of particularly low energy (i.e. Ep < 8 MeV) cyclotrons in recent years. The proton energy afforded by such systems is acceptable for 18F production, however, 11C production has largely remained a theoretical exercise to date – an exercise that has limitations given that yields are expected to differ by nearly 250% if irradiating at 8 vs 7 MeV [www-nds.iaea.org/medical]. As experimental assessment is critical, both for understanding yields and molar activity, we are investigating [11C]CO2 production on the GE GENtrace 7.8 MeV cyclotron. Conventional aluminum targets have been tested with yield and molar activity data reported herein. In addition, to ease target design optimization by simplifying the machining (e.g. target cavity geometry, cooling channels, etc), we also report early yield data following irradiation of a 3D printed aluminum target. 

Material and Methods

As every keV counts in this energy range for 11C production, yield was maximized for both targets by minimizing the Havar foil thickness to 10 μm, and eliminating the need for helium cooling by use of a gridded support target design. This corresponds to a nominal incident proton energy on the gas of 7.5 MeV. Irradiations were performed (1% O2 in N2), with each target tested on a different cyclotron. Typical irradiation parameters are noted in Table 1. 

Yields of [11C]CO2 were assessed by collecting the CO2 on an Ascarite trap in a dose calibrator. The carbon content (conventional target #1) was assessed by GC measurement of combined total content of CO2 and CH4 following target emptying, whereas the carbon content (conventional target #2) was assessed by injection of a sample loop of target gas, first through a methanizer, and subsequently through a GC and FID/integrator. Placing the methanizer in advance of the GC column ensured a worst-case assessment of the carbon content (i.e. CO and CO2). 

Results and Discussion

Yields for both the conventional (“conv”) targets and the 3D printed are reported below in Table 1. Saturation yields have been calculated assuming an 85% grid transparency and are in reasonable agreement with saturation yields of 1.18 GBq/μA at 7.5 MeV noted by IAEA for the 14N(p,α)11C reaction. The yield of the 3D printed target was higher than the conventional targets, however, since each of the three targets were tested on different cyclotrons, further investigation is warranted to assess if such differences were attributed to nominal energy and/or beam shape differences, or, if the gain was attributed to the new target design. In any case, the successful production and irradiation of a 3D aluminum printed target is reported. 

TABLE 1. [11C]CO2 Experimental yields
	
	n
	P
(bar)
	I
(μA)
	Time
(min)
	Yield
(GBq)
	Sat yield* (GBq/μA)

	Conv-1
	5
	16.5
	35
	30
	13-15
	0.70-0.79

	Conv-1
	2
	16.5
	35
	60
	22
	0.85

	Conv-2
	7
	8-15
	35
	50
	23(2)
	0.93(8) 

	3D
	3
	10
	30
	5-11
	5.1-9.0
	1.1-1.3

	3D
	2
	10
	40
	30
	24(1)
	1.11(6)

	3D
	2
	10
	40
	50
	31.7(4)
	1.14(1)


*scaled assuming 85% grid transparency

Molar activity has been variable, with additional measurements required, however, decay corrected to end of bombardment, values ranging from 150-740 GBq/μmol are reported for Conv-1, and values in excess of 300 GBq/μmol are reported for Conv-2. Molar activity measurements are a next step in the testing of the 3D printed aluminum target. 

Conclusions

[bookmark: _GoBack]Successful production of clinical scale (i.e. >20 GBq) [11C]CO2 has been experimentally demonstrated with proton energies below 8 MeV. We also report on the successful irradiation of a 3D printed target. We believe this manufacturing technique will facilitate target design optimization as we strive to increase the yield and molar activity, and escalate the beam currents.  
