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* Introduction
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2LIAt (half-life, 7.2 h) is produced for alpha nuclear medicine therapy research § = £
using helium beam accelerated by the TIARA AVF cyclotron. The production of 211At § X ’; I & i
uses the nuclear reaction of 2°°Bi(a, 2n) 2}1At. The ?!!At yield in this nuclear i - 005 3 ”" |
reaction increases up to about 30 MeV in the injection energy of the He beam into £ g 3
the Bi target. On the other hand, the nuclear reaction of 2%Bi(a, 3n) 2!°At produces E 3 N
210At (half-life, 8.1 h) when the injection energy of the He beam into Bi surpasses ) S SRR T
29 MeV. 2194t is chemically inseparable from 211At, and decomposition produces crrgy eV I n
*%Po (half-life, 138 d), which is highly toxic. Given that #'%Po has a longer half-life  jowss, reemmssiomsisgun oo
than that of 211At, this poses the problem of being left as an impurity, such as in the  neminal eneray range of 280 to 300 Mev. SR IS R ST AR MR e e
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case of drugs manufactured for clinical use.

For the mass production of 211At, it is necessary to increase the intensity of the incident beam and precisely control the beam energy near the upper limit,
wherein 21%At is not generated. Therefore, in this study, we investigated the control of the beam energy in the cyclotron.

Beam energy measu rement , . In the TIARA, the He beam is accelerated to

For measurements using TAM: .
We have two beam energy measurement methods using TAM and BEPM. & about 50 MeV as it must pass through the He

. B AVE oyclotron [ TAN Blrradlitlon f(;)]rc R produtcr;uon 1cahnnot gas used to cool the Bi in the target holder and
o Wellg & Beam = periormed for more than U the T plate separating it from the vacuum.

(No angle limit)  because of the excitation and

Measurement . demagnetization of the TAM, beam
50.6
I l Fluorescent screen  onergy measurement, and further :
e _ _ . 50.4 3
o v N E=-M+ M+ (BRQc/10°°  hagm transport adjustments.
= ' , Rest mass : M (MeV) . . = -
paipll Crarge @ - It is not accurate because thereis =" . : .
g T=®2F pdusiR(m) it ati & 5 =
RI prod&ﬁj o — T i R R e no beam angle limitation..
equipment : 'a) |- s . _:3 49.8
e '," o 9 BEPM For measurements using BEPM : ¢ % .
| T 4 X - : v o
-' (/4 R4 Upstream Downstream g (beam energy and position monitor): " _ﬁ sar . %
: _ ‘ Beam' [ ' Beam F i ® BEPM ) -
Bi target o Sitanget e e Wi M= . - The beam energy can be measured 4 eTam BEPM was installec
AVF cyclotron Tj plate ate —*—————-———————-%_‘F JE“'B . . . .
-...:r,,,Jfr’#ri . = [l = - in real-time by the time-of-flight of 19.2 ¥
— ﬁr" : c Circulating g | ‘o | J . 2018/10/27 2019/5/15 2019/12/1 2020/6/18 2021/1/4  2021/7/23  2022/2/8 2022/8/27
e b water YYYY YYYY ™ courtroom the beam bunch passing through the Date
AT — +H : bt N twO plckup eIectrodes - The beam energy measured by the TAM was
icon holder e [T higher than that by the BEPM.
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. LTINSl 6 | -The beam energy measured on each
Bi target (10x10 mm) Freezer 4 Ui TS Eal g K 1 ’ . .
on target holder (Ice, Ice/NaCl, Dry ice/EtOH) _!E.:;,_'_r' @ — = S experlmental day varies by about 1% or more.
Fig. 1. Bi target (left) and target setup (right). w R o . ciq -
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* Variation of beam energy W|th cyclotron parameters In BEPM measurements
Harmonic coils
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- When the Dee voltage is increased, the beam orbit in the cyclotron moves . The beam energy changed by the excitation current of one set of harmonic
outward as the energy gain increases and the beam is deflected to the left. coils in the central region (CR) and in the extraction region (ER) was measured.

- The positive position of the beam is to the right of the beam's direction of
travel, while the negative direction is to the left.
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- The width of the change in the excitation current of the harmonic coils in the

ER was narrower and the energy variation is more sensitive than that in the
- Although the Dee voltage can vary the beam energy, it is difficult to produce g

a large difference in beam energy by the Dee voltage alone because of the
large changes in beam intensity and orbit.

Generation rate of 211At and %'9At by beam energy control

- |t should be noted that simple fine adjustment can change the beam energy.

Conclusion
. . - The changes in the generation rates of 2!*At and
45 O UAt 0.0 210At were investigated by varying the energy of  The TIARA AVF cyclotron allows precise control of
= 40 " A 0083 the He beam injected into the Bi by the Dee the beam's energy by changing the Dee voltage and
;%35 0 ° %l 007 ;% voltage and excitation current of one set of the excitation current of the harmonic coil. Changes
% 30 0.06 % harmonic coils in the CR. in the beam energy due to these parameters can be
g 25 o O ’ . ‘; 0.05 § - The nuclide identification and quantitative measured in real-time using the BEPM. We plan to
‘§ 20 ’ 0.04 é analysis from irradiated Bi were performed using search for the optimal parameters with less
&1 003 5  a Ge semiconductor detector. variation in the extracted beam current and beam
iﬁ 10 - 0.02 £ = . With increasing energy, the generation rate of  position and a wider range of beam energy changes.
5 0.01 2LIAt increases, while 219At appears at beam
i P 0 energies around 49.7 MeV. - ACknOWIEdgmentS
49.4 49.6 49.8 50 50.2 504 . .
Wemsed s e |6V - The optimum beam energy for the production  This work was supported by the JSPS KAKENHI Grant

of 211At in our irradiation equipment is 49.6 MeV. Numbers JP 20K08014.
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