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Improved isotope intensity and purity from a new spallation-driven proton-to-neutron converter at ISAC
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Introduction Methodology
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A spallation-driven, proton-to-neutron converter has been developed and irradiated at
the ISAC-TRIUMF facility, focusing on the production of Radioactive lon Beams (RIBs) of
neutron-rich fission fragments and limiting the production of their neutron-deficient
Isobaric contaminants. Moreover, this converter approach allows to deposit up to ~7 kW
of proton beam power into a water-cooled converter, thermally decoupled to the target

at the yield station by taking the ratio between converter and

conventional targets. The Neutron Rich Improvement Factor

(NRIF) quantifies the converter capability in reducing

150 contaminants with respect to conventional ISAC targets.

145

y [cm]

assembly, which enables a more homogeneous temperature distribution in the target _ . Simulated ratio (®) shows expected improvement in the
. . . . . . . 94 ! a : :
material and resulting in a more optimized release of radioisotopes. T LA A I neutron rich region.
§ 108 . c*® I cisb§oe : o Measured ratios (AVY ) are half-life iIndependent.
: : : o A v
Conventional design Converter design 2 B P L R A O e NRIF ~ 10-50 measured for Rb, Cs, Sn.
= 6 A - 0 o
’ 7 N 1 'f: +e° e ISAC FLUKA A f o' 4 Yields/puA = converter can receive four times more proton
'>: 10° ¢ : Pil\;sFuL:KA ues R ° . ) ) .
Tungsten o] o A Measured [SACUCK#2 L beam intensity than conventional targets thanks to its
Converter 3 v Measured PN LT thermally-decoupled converter.
+0 125 130 155 140 145 150
Mass [A]
1e9 Y|e‘d “neaﬂty Methodo|Ogy
2.007 ... Fit - Datal _.z7® | Measured several 14°Cs and 141Cs yields at different proton
1.759 =---- Fit - Data?2 ”4::9‘ beam intensity, without changing any target heating
w1504 e Datal Jec parameter.
o ® . .
— 1] Data2 RO Linear trend was found.
° e 7@ | |
Conventional ISAC target (left) and proton-to-neutron target designs (right). The tungsten converter produces spallation >°:" 1.00 - /f.f‘:‘ Thermal decoup INg Was confirmed.
neutrons upon proton beam interaction, which trigger fission in the upstream UCx annular target. 8 i ,/:.- o No Radiation Enhanced Diffusion (RED) effect was noticed.
S . /{.*"' Conventional targets require adjustments in resistive
Simulated particle fluxes Simulated target temperature , heating when the proton beam intensity is changed, which
0.251 .%9.~ . .. : .
Protons Neutrons  (1/cm2/100u ot had so far prevented this systematic investigation on RED
1e+15 0.00 + : | : . . | . |
2074.3 Max 0 10 20 30 40 50 60 70 80 effect.
oo P+ current [UA]
le+14 1913.7
1860.1
1806.6 .
s [l e Conclusion

X [cm_]

Converter

1646
1592.4
1538.9
1485.3
1431.8
1378.2 Min

1e+12

0.050 (m)
I 4.
0.013 0.038

1e+11 0.000 0.025

Proton (left) and neutron (centre) fluxes shown across the P2N target middle plane. The annular UC, target material
IS optimized to avoid excessive interaction with the central proton beam, while neutrons are emitted isotropically.

Right: temperature distribution in the target assembly, including annular UC, target material.

Neutron Rich Improvement Factors around 10-50 have been measured over two online beam times,
pointing to the converter ability to deliver on the simulated expectations for reducing isobaric
contamination. Moreover, yield measurements were interleaved with mass measurements at the TITAN
facility using the MR-ToF. Ten first measurements of isotopes 83Zn, 149Cs, 1°9Cs, 151Cs, 151Ba, 1°?Ba, 13°Sn,
137Sn, 138Sn and 86Ga were carried out, which would have been impeded by contamination without this new
target design. The routine online operation of this converter Is being discussed and planned for the next
years of ISAC and ARIEL Proton Target West (APTW) station operation.



