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Possibility of production of 8Rb via the 8Kr(d,n) reaction
at a small cyclotron’
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Deuteron induced reaction / Target elemé&tr / tation function of thé’Kr(d,n)*'Rb process from threshold

Stacked gas-cell technique / Excitation function / up to 14 MeV deuteron energy to be able to investigate the

Thick target yield F'/Rb¢'™Kr) generator feasibility of ®Rb production at low energies and to com-
pare this process with the proton route at an equivalent
cyclotron.

Summary. A new route has been investigated for the pro-
duction of the®’Rb('™Kr) generator parent radionuclide at low

energy cyclotrons. The excitation function of t#&r(d,n)®'Rb .
reaction was measured up td MeV using natural Kr gas as EXperimental

target, the activation method and a stacked gas-cell irradiatior:r.he excitation function was measured via activation and
technique. The saration yield GRb over the energy range identification of the product, using the stacked gas-cell ir-

E, = 14 — 6 MeV amounts to 2.86 GBgA. A comparison o . h .
of this production method with the commonly used radiation technique. The details related to targetry, ir-
2Kr(p,2nf'Rb route is given. radiation, activity measurement and data evaluation were

similar to those described in our several earlier works from
Jilich and Debrecen [cf.-68]. Irradiations were done us-
Introduction ing the external beam of the Debrecen MGC 20E cyclotron
. , o ) at primary deuteron energies of 9.9, 9.7 and 7.4 MeV. Cross
The®Rb(""Kr) generator system is widely used in nuclear s ions above 8 MeV were measured at the CV 28 cyclo-
medicine. Since the original reports on the medical appli+,on in Jiilich (E = 14.2 MeV). Polyimide foil (5 um
cation of 13.3s *"Kr [1, 2] extensive medicinal studies hick Kapton) windowed, cylindrical, stainless steel gas
have been performed in a large number of laboratories. Thegg g (20 mmé X 25 mm), filled with natural krypton to a
generator is used today both for ventilation and perfusion, essure oft —2 bar were stacked together3 cells) and
studies. Several routes have_been _suggested to produce the, jiated with a low intensity 100 nA) deuteron beam.
EarentSIRb (T, = 4.58 h), including proton, deuteron, Thin Tj (21 um) and Fe (2 um) foils were inserted in front
He-anda-particle induced reactions (for reviews cf. [3, 4]). of the stacks and were used as beam intensity monitors.
Out of those production routes, the proton induced reacTnhe number of incident particles was obtained from the
tions on Kr targets are the most widely used. The salientarge collected in an isolated target holder (Faraday cup)
feature of all the earlier investigated reactions is that sufwg \well as via the=Ti(d,x)* monitor reaction [9] up to
ficient quantities of*'Rb can be produced only at a me- ;g pev primary deuter<,)n energy antFe(d,xJ°*Co moni-
dium-sized cyclotron. On the other hand, now a large nUMyo; reaction [0] at 14 MeV incident deuteron energy. Cross
ber of low-energy cyclotrons are available, dedicated maingeions [9,10] multiplied by 0.82 (a normalisation factor)
ly to the production of positron emitters for Positron Emis- were ysed for monitoring. This normalisation factor was
sion Tomography (PET). The possible use of thoseyeqyced from new experiments done in connection with the
cyclotrons to the production of other medically important jytercomparison of deuteron induced monitor reactions
radionuclides is of considerable current interest. [11]. The results obtained from the monitor reactions and
For the production of'Rb at a low energy cyclotron the {5y the charge collection showed good agreement (5
8Kr(d,n¥'Rb reaction on an enricheé®Kr gas target seems 10%).
to be very promising. For this reaction, no report on pro-  he activity of each cell was determined without chemi-
duction, yield or cross-section data was found in the literag) separation via standard high-resolution gamma-ray
ture. Concerning deuteron induced reactions in generakeciroscopy. The sources were counted at large distances
we found a single report by Gindlet al. [?] describing  from the detector. On the basis of an independent cali-
ghe experllmental thick target yield of'Rb via the  pration process it was found that, at the counting distance
*Kr(d,3nf'Rb reaction. We decided to measure the exci-yseq, the middle plane of the cell can be regarded as a point
* Dedicated to the memory of Professor Alfred P. Wolf. source. The estimated relative uncertainty in the detector
* Author for correspondence (E-mail: tarkanyi@moon.atomki.hu). efficiency was 5%. The measurement was done repeatedly
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Table 1. Cross sections dPKr(d,n'Rb nuclear reaction

Proton energy (MeV)

0 10 20 30
Energy Cross section 600 600
(MeV) (mb) 500 F MKr(p’zn)“Rb J s00
41%06 30.3¢ 3.9 P Juwo 2
5.2x04 150 =19 Y £
5.8£0.5 197 24 S 300 | J30 3
6.5+ 0.5 337 =40 : R s
6.6=0.4 287 =33 g 2of jmo 8
7304 376 =50 ]
7.4x0.3 395 *48 100 3100
8.0+0.3 380 +48
8.3+ 0.7 36 *43 °, ; - -
9.6x0.6 400 =51
10.9+ 0.5 375 +46 Deuteron energy (MeV)
12.0+04 289 +38 Fig. 1. Excitation function of®Kr(d,n}'Rb reaction measured in this
131*+0.3 234 *33

work. The curve through experimental points was obtained via the
spline fitting method. For comparison the excitation function of the
82Kr(p,2n¥'Rb reaction (taken from [4]) is also shown. Notice the dif-
ferent energy scales for deuterons and protons.

for about12 hours to follow the decay of the radioisotopes
concerned and to allow the complete decay of the 30.6 mir
8ImRp (IT = 97.8%). The energy degradation along the tar-
get was calculated [cfi.2, 13]. The calculation of the cross
section and the estimation of the uncertainties in the energ__
scale and the cross section were done the same way ifg_qs L
described in more detail in our earlier publications [cf: 6 [
8]. The total uncertainty in the cross section amounted tc%’
about 13%. The estimated energy scale error was=" [
+0.3 MeV at the first cell and=0.7 MeV at the last cell in
the stack. The decay data used for the investigated isotog
®Rb (E = 190.4 keV (64.3%); E= 446.3 keV (23.3%))
as well as for the monitor isotopé&¥d/ and*¢Co were taken
from Browne and Firestonel §].

Proton energy (MeV)
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30

8Kr(p,2n)*'Rb

GB:

5

Saturation

®Kr(d,n)*'Rb
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. . Fig. 2. Integrated saturation yields 6fRb via °Kr(d,n)®'Rb and
Results and discussion 8Zigr(p,Zn)‘“Fg{jb reactions calculz;/ted from the respecti\(/e e2<citation func-
The measured cross sections and their uncertainties for tHions- Notice the different energy scales for deuterons and protons.
reaction®Kr(d,n'Rb are given in Tablé. The Q-values

of the deuteron induced reactions on various isotopes of

Kr allow to deduce the pure isotopic cross section for theSince in modern isochronous cyclotrons the maximum en-
8Kr(d,n'Rb reaction in spite of the low abundance*a{r ergy of the accelerated protons is twice the maximum en-
in natural Kr (2.25%). The threshold of the (d,3n) reactionergy of deuterons, the energy scale for the protons shown
on ¥Kr (having 11% isotopic abundance in natural Kr), in Figs.1 and 2 is twice that for the deuterons. A compari-

which could possibly contribute to the formation ¥BRb,
is above the presently investigated energy region. The pre-
sented cross sections were calculated assumiri & en-
richment of®Kr and represent cumulative cross sections,
i.e. production cross sections of the ground state after com
plete decay of the isomeric state.

The measured cross sections are reproduced as a func-

tion of deuteron energy in Fig. From the spline fitted
excitation function curve, differential and integral yields of
8'Rb from the®Kr(d,n) reaction were calculated. The inte-
gral yield curve is shown in Fig. 2 and represents the satue
ration yield.

It is instructive to compare the production possibility of
8Rb via the®Kr(d,n)®'Rb reaction investigated in this work
with that via the commonly use®Kr(p,2n}*'Rb process
described in the literature. The excitation function for the
latter reaction was taken from Koeset al. [4] and is
shown in Fig.1. The calculated yields are given in Fig. 2.

son of the two processes suggests:

Over the optimum energy range E 14 — 6 MeV the
thick target saturation yield off'Rb amounts to
2.86 GBq (77 mCijMA.

At commonly available low-energy two-particle cyclo-
trons the saturation yields of the (d,n) and (p,2n) pro-
cesses are comparable, for example14 GBq
(30.9 mCi)plA for 9 MeV deuterons and1.15 GBq

(31 mCi)/pA for 17 MeV protons. At £ = 17 MeV, the
yield via the (p,2n) process increases rapidly.

At proton energies below5 MeV the (p,2n) process is
not applicable, but using the same cyclotron accelerating
deuterons, appreciable quantities®Rb could be pro-
duced (85 MBq (5 mCi){1A for 6 MeV deuterons).

Both processes require enriched targets to get significant
yields in the investigated energy regions and to avoid
generator shielding problems from high energy gamma
rays of the possible impurity radioisotopes of Rb pro-
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duced on other stable Kr isotopes. Considering the iso-6-
topic composition of natural krypton, the cost of the
highly enriched®Kr is higher; consequently the (d,n)
process requires higher initial investment. 7
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