Proceedings of the Tenth International Conference on Cyclotrons and their Applications, East Lansing, Michigan, USA

PARASITIC USE OF A 72 MEV PROTON BEAM FOR
ONLINE PRODUCTION OF I-123

H.W. Reist, L. Rezzonico
Swiss Institute for Nuclear Research, CH-52%4 Villigen, Switzerland

Summary

The motivation for the production of the valu-
able radio 1isotope I-123 by the reaction
I-127(p,5n)Xe-123 using the 72 MeV injector
beam parasitically lies in the production en-
ergy, production yield and in the decay rates
of the products, permitting low beam intensi-
ties which can be compensated by longer bean
exposures.

The target is a vacuum vessel containing pure
Nal which 1s kept above the melting point by
beam heating and external heating. A continu-
ous flow of helium, streaming over the surface
of the molten Nal, carries the produced Xe
isotopes on line through a stainless steel
tube in to a cold trap. The target is insert-
ed close to the beam from the side. An elec-—
trostatic beam splitter 5m up stream from the
target peals off the desired production beam
from the main beam. The target is positioned
horizontally and vertically using beam moni-
tors. The beam intensity on the target 1is
computer controlled by correcting the position
of the beam splitter using the intensity and
the profile of the main beam. The other par-
ameters can be set from a console or by the

computer. The control 1is then taken by a
local loop. Presently 3 Ci of I-123 are pro-
duced per week in collaboration with the
neighbour institute EIR.

Introduction

Radioiodine labelled physiologically specific

pharmaceuticals 1like proteins, antibiotics,
fatty acids, hormones and antibodies have be-
come an important tool in nuclear medicine ap-
plications and in clinical research.

Due to its decay by electron
to the emission of a
X~ray and to the minimum presence of higher
energy gammas, 1-123 has almost optimal char-
acteristics for detection in medical imaging
systems [1]. The high photon to electron
ratio and the short half life of 13.2 h reduce
the patient dose significantly compared to the
more common I-125 and I-131 [2,3].

capture leading
83% abundant 159 keV

The production method via the reaction I-127
{(p, 5n)Xe-12% » 1-123 was developed at the
Crocker Huclear Laboratory of the University
of California [4] and enables the production
of high purity I-123. The nuclear reaction
I-127 (p, 5n) Xe-12% has a cross section peak-
ing at a proton energy of about 55 MeV [5-8].
The competing reaction, I-127 (p, 3n) Xe-125,
leading to the undesirable Dby-product Xe-125
has a peak yield at about 32 MeV [5-8]. The
parent daughter decay rates permit relatively
long beam exposures without leading to a high
I-125 contamination which allows accordingly
low beam intensities. Therefore, by proper
cheice of the target thickness the 72 MeV in-

jector Dbeam 1s appropriate

C for a parasitic
production of I-123 [G..

Description of the system

Target- and beam splitter arrangement

The present production facility is mounted 1in
the transfer line from the 72 MeV injector cy-
clotron to the ring machine and uses "6 UA
split from the 100-200 pA main beam. The tar-
get is placed 1.5 m after the first Dbending
magnet and 2 m ahead of an energy analyzing
slit. Protons scattered out of the target and
by-passing the stopper behind it, are mostly
stopped at the energy analyzing slit and do
not Interfere with the cyclotron operation.
The horizontal and vertical beam widths meas-
ured with the beam scanners 30 cm before the
target are 4 to 6 mm FWidM and 1.5 to 3 mm FWIM
respectively. These rather small widths have
to be taken into account in the target design.

Llectrostatic beam splitter

The separation of the production beam from the
main beam is made with an electrostatic beam
splitter which gives a separation of 12.5 mm
at the target. The splitter consists of a
fixed cathode and a movable thin septun. The
applied field is ™60 kV/cm over a length of
15 cm. The beam splitter is equipped with an
adjustable +tilt +to reduce beam losses. The
movable septum is made of 15 molybdenum strips
(7 mm wide and 30 um thick) and a leadin

strip of tungsten (% mm wide and 50 um thiok§
because 1t 1is directly hit by the incoming
protons. The strips are separately tensioned
over a supporting structure. The position and
flatness of the strips were carefully con-
trolled during their tensioning. More details
are given in reference [10].

Target and target assembly

The target vacuum vessel 1s a stainless steel
box, 17 nm wide, 48 mm high and 18 mm long in
the beam direction. The wall thickness is
0.5 mm 1in the beam path. This vessel is half
filled with pure Nal (18 g). The Nal is melt-
ed Dbefore exposure to the beam and kept 1li-
quid, if the necessary cyclotron beam intensi-
ty is not available, by external radiation he-
ating with a tungsten filament. During a nor-
mal production run, the Nal is kept liquid by
beam power dissipation (300 W). The surface
temperature of the Nal should not be to far
above its melting point, say 680 C° to avoid
blockage of the He/Xe gas outlet by evaporated
Nal. The target is surface cooled by radia-
tion. The vessel outer surface is plated with
0.1 mm of copper, has cooling wings soldered
to it and finally all these cooling surfaces
are coated with TiO,(by sputtering) toc improve
the heat transfer. The temperature of the Nal
is measured by a Chromel-Alumel thermocouple,
inserted through a small stainless steel tube
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into the melt.
ures

A further thermocouple
the gas outlet temperature.

meas-
The average

temperatures are v70C ©C half way down in the
nelt at T1 and 500 PC at the gas outlet (12)
at normal production conditions. Fig. 1 shows

the main features of the presently used pro-
duction target.

Pig. 1:
The presently used target. The

production
target vessel of stainless steel contains 18 g

of pure lial which is melted Dbefore the beam

exposure by radiation heating with a tungsten
filament. The beam is positioned in the lower
left corner of +the vessel towards the main

beam. The helium enters through the capillary
tube streams over the surface of the melt and
leaves the target by the outer tube. The
wings reinforce the dissipation of the beam

deposited heat.

Hal is a satisfactory target material as it
does not decompose by radiolyses and because
the beam heating can be used to get an effi-
clent release of the xenon. The positioning
of the target in the beam proved to be essen-
tial for a good release of the xenon and for a

long operational lifetime. The best position
is with the Dbeam 1in the lower left corner,
which (i) intensifies the convection carrying

the xenon to the surface by the buoyancy of
the Nal in the bombarded region and reducing
the temperature by dispersing the heat in the
nmelt, and (ii) allows the target to be further
away from the main beam, increasing the target
safety in case of an unstable beam.

As is shown in Fig. 2 the thickness of the
target is crucial with regard to the yield and
to the nuclidic purity of the produced Xe-123.
The effective target thickness is directly in-
fluenced by the beam intensity and the spot

size on the target. At 5 to 6 uA it ranges
between 3.6 and 4.2 g/cm?depending on the ac-
tual spot size of the Dbeam. The measured
I-125% activity, %6 h after completion of pro-
cessing, ranges between 0.75 and 1.5 % of that
for 1—123.

Xe-Yield (mCi/uAh)
Yield Ratio Y(“Xe)/ Y{ " Xe)

2 3 & 5
| J_ L - J_ D W N S B
Target thickness ( g/cm?’)

Fig. 2:
The yields of Xe-123 and Xe-125 in mCi/uAh as

function of the effective target thickness in
g/cnt. The production <cross sections are
taken from reference [7] and integrated:
2 clE, )
1n AE k
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in I "p T1/2 3.7-10 T EE(E ]
dx "k
dE !
t - AR | SlE)
K
£, = 70 MeV
in
NI = Number of iodine atoms in 1 g Nal
I = Number of protons per second in 1 uA
P beam = 6.242-1012 -1
T1/2 = Half life (h) of the produced isotope
O(Ek] - Production cross section (em?) at the
proton energy Ek
4t e - i (MeV-cm?/g) in Nal at th
H;\Ek] = Stopping power eV-cm</g) in Nal a e

proton energy EK taken from reference [11

The ratio of the yields Y(Xe-125) / Y(Xe-123)

makes clear that the t%rget thickness should
be 1limited at ~4 g/cm<. The I-123 yield
(6.7 h after irradiation) may be obtained by

multiplying the Xe-123 yield by 0.110.

The xenon is swept out of the target chamber
by a continuous helium flow (16 ml /min) stre-
aming over the surface of the melt. It 1is
then <carried through a coaxial tube to the
target holder and from there, through a 40 n
long stainless steel pipe of 1.4 mm inner di-
ameter to a collecting system outside the cy-
clotron vault.

404 CH1996-3/84/0000-0404 $1.00 © 1984 IEEE



Proceedings of the Tenth International Conference on Cyclotrons and their Applications, East Lansing, Michigan, USA

The target assembly consists of the target,
the Dbeam stopper and collimator, the target
holder and of the supply pipes for the helium

and cooling water (see Fig. 3).

Pig. 3:
The target assembly mounted at the end of the
central guide tube. The construction is com-

pact in order to fit in a standard box for the
beam scanners and because of space limita-
tions. The beam enters from the right through
a window which is limited by three tungsten
fingers (a,b,c) and by a copper cheek (d) at

the right. The beam is stopped right behind
the target. A separate measuring finger (e)
is in front of the finger (a) which protects

the front wall of the target.

The target and the collimator are fastened at
the target holder by Gyrolock couplings to en-
able precise mounting and easy and fast de-
mounting of the target in a glove box. Three
2 mm thick tungsten fingers together with a

cheek of copper on the side remote from the
main beam, form a window of 12 mm x 24 mm for
the production beam. Right behind the target

is the beam stopper. The collimator and the
beam stopper are indirectly cooled and electr-
ically isolated. A Dbeam current signal is
derived from them, except for the finger pro-
tecting the front wall of the target which 1is
directly cooled.

close to the main
current signal on a separate

The target is positioned
beam using the

measuring finger, mounted in front of the
finger protecting the front wall, then the
beam splitter peals off the production beamn.

Afterwards the target is positioned vertically
using the current signal on the lower tungsten
finger.

Target unit

The target unit consists of the target assem-
bly which 1is fixed at the end of a central
guide tube, a drive mechanism with high preci-
sion spindles and stepping motors. The whole
assembly is mounted in a chassis. Pig. 4
shows the target unit attached to a standard
box in the beam line on a support. The target
is moved vertically by adjusting the support
and horizontally by a driven spindle parallel
to the central guide tube. The vacuum connec-
Yion is made by a bellows around the central
guide tube. Linear potentiometers and
switches marking the end positions are wused
for control of the movement of the target.

The target is moved into the beam region in
two steps: Fast, without position control
from the park position to the beginning of the
linear potentiometer, then slowly to the want-
ed position. In case of a fault the target
can be moved back quickly into the park posi-
tion and a valve in front of the ©box shut,
separating the target from the vacuum system
of the beam line.

The target unit is characterized by its preci-
sion and its freedom from frequent maintenance

work. Three target units are wused in rota-
tion, 1in order to keep the dose rate at a
tolerable level. A target 1lifetime of more
than 2000 uAh has been achieved.

Pig. 4:

The target unit assembled on its
attached +to
Between the box and the park position of the
target 1is a valve. The target is vertically
positioned by tilting the support around an
axis at the 1location of the bellows between
the box and the chassis. The water- and the
power supply for the heating filament and the
signal cables are fed through the central
guide tube to the target holder.

and

chassis
a standard box in the beam line.

Control system

The different parameters of the production
station can be set from a console in the con-
trol room or by the cyclotron control com-
puter. The principle of the control system is
given in Fig. 5.

Individual items (e.g. power supply for the
target heating, drive motors, etc.) are fitted
with local control loops. The desired value
is written in a 12 bit-DAC and the local loop
then takes control (e.g. changes the current
in ghe filament heater or moves the probe,
etc. ).

The beam intensity on the target is

directly
controlled by a

computer program written in
FORTRAN. The current measured at the bean
stopper behind the target is converted by a
logarithmic current to voltage converter and
read by the computer. Taking into account the
temperature of the melt T1, the intensity of
the main proton beam and its profile the com-
puter calculates and corrects the position of
the Dbeam splitter. The program is started by
an interrupt generated by:

- a timer every 15 s

- a comparator, if the target current is
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higher than the desired value
set in a DAC.

- a second comparator, if the target
temperature T1 is higher than the
maximum allowable one (TMAX), also set
in a DAC.

The program also integrates the target current
over a production run to give a check on the
production efficiency (mCi/uAh).

Gauge (-
|
Converter Local
Loop
0-10V
12 bit
ADC ADC DAC
CONSOLE COMPUTER

Fig. 5:

The principle of the control system. The sig-
nal of a gauge 1is converted +to a voltage
(O to 10 V) then digitised by a 12 bit-ADC.

The digital information is read through a par-
allel data-way (ROAD) by the cyclotron control
computer and by the console where it is also
displayed.

If either the beam splitter or the target
leaves its park position the control system is
connected to the operation interlock of the
cyclotron. The interlock system 1is broken
when the current of the beam stopper or of a
collimator finger increases above a preset
value, if the high voltage on the bean
splitter drops below a preset value or in case
of a break down of +the vacuun, one of the
power supplies or of the cooling circuilt.

The helium flow is controlled by a mass flow
meter. If it falls below 10 ml/min an acous-
tic alarm is given.

Xenon collecting system

The collecting system for the xenon 1s in-
stalled in a shielded box which is at a con-
trolled under pressure. It is attended to the
neighbour institute EIR. Coming from the pro-
duction target, the helium-xenon gas mixture
flows through a Ca(OH)Z—drier then through li-
quid nitrogen traps. The xenon is collected
in one cold trap for 6 hours which is then bye
passed. The maximum I-123 activity is reached
after a 4 hour decay period during which time
the xenon is collected in the other cold trap.
More than 95% of the xenon is frozen out in a

T W.T.

single cold trap and a second is provided for
safety reasons. After the decay interval the
cold trap is warmed up and the remaining xenon
is flushed out with hydrogen and also to re-
duce any iodate to iodide. The icodide is dis-
solved in 1 to 5 ml of O.1n-NaOl afterwards.

The helium flows through the +trap 1into a
buffer volume where the rest of the radioxenon
decays.

I-123 is

The current rate of

product
"3 Ci/week.
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