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INNOVATIVE 20-MeV SUPERCONDUCTING
CYCLOTRON FOR MEDICAL APPLICATIONS

V. Smirnov a, 1, S. Vorozhtsov a, X. Wu b, J. Vincent b

a Joint Institute for Nuclear Research, Dubna
b Ionetix Corporation, Lansing, MI, USA

The report contains a description of the conceptual design of a compact superconducting cyclotron,
which can produce 20-MeV proton beam for isotopes production. The goal of the present project is
to develop a machine that can be cost-effective, of small size and reliable in comparison with other
particle accelerator systems aimed at producing proton beam of similar energy. Superconductivity is
now a well established technology. Its application permits high magnetic ˇeld of the ultra-compact
cyclotron that after careful system modeling and optimization can produce sufˇciently good ˇnal beam
parameters. The main parameters of the cyclotron, its design, and major stages of the development
work are described in the report.

�Ê¡²¨± Í¨Ö ¸μ¤¥·¦¨É μ¶¨¸ ´¨¥ ±μ´Í¥¶ÉÊ ²Ó´μ£μ ¶·μ¥±É  ±μ³¶ ±É´μ£μ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ Í¨-
±²μÉ·μ´ , ¶·¥¤´ §´ Î¥´´μ£μ ¤²Ö ¶μ²ÊÎ¥´¨Ö ¶·μÉμ´μ¢ ¸ Ô´¥·£¨¥° 20 ŒÔ‚, ±μÉμ·Ò¥ ³μ£ÊÉ ¡ÒÉÓ
¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö ¶·μ¨§¢μ¤¸É¢  ³¥¤¨Í¨´¸±¨Ì ¨§μÉμ¶μ¢. �¸´μ¢´ Ö Í¥²Ó ¶·μ¥±É  § ±²ÕÎ ¥É¸Ö ¢ · §-
· ¡μÉ±¥ Ê¸±μ·¨É¥²Ó´μ° Ê¸É ´μ¢±¨, · §³¥·Ò ¨ ¸Éμ¨³μ¸ÉÓ ±μÉμ·μ° ³¥´ÓÏ¥  ´ ²μ£¨Î´ÒÌ Ê¸É ´μ¢μ±,
¶·¥¤´ §´ Î¥´´ÒÌ ¤²Ö ¶·μ¨§¢μ¤¸É¢  ¶·μÉμ´´ÒÌ ¶ÊÎ±μ¢ ¸Ìμ¦¥° Ô´¥·£¨¨. �·¨ ÔÉμ³ ¥¥ ËÊ´±Í¨μ-
´ ²Ó´μ¸ÉÓ ¤μ²¦´  ¡ÒÉÓ ´¥ ÌÊ¦¥  ´ ²μ£μ¢. ’¥Ì´μ²μ£¨Ö ¸¢¥·Ì¶·μ¢μ¤¨³μ¸É¨ Ï¨·μ±μ ¨¸¶μ²Ó§Ê¥É¸Ö
¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö, ¨ ¥¥ ¶·¨³¥´¥´¨¥ ¶μ§¢μ²Ö¥É ¨¸¶μ²Ó§μ¢ ÉÓ ¢Ò¸μ±¨¥ ³ £´¨É´Ò¥ ¶μ²Ö, ÎÉμ ¢¥-
¤¥É ± §´ Î¨É¥²Ó´μ³Ê Ê³¥´ÓÏ¥´¨Õ · §³¥·  ¨ ¢¥¸  Ê¸±μ·¨É¥²Ö. „¥É ²Ó´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ´  ÔÉ ¶¥
¶·μ¥±É¨·μ¢ ´¨Ö ¨ ¸μ¡²Õ¤¥´¨¥ É¥Ì´μ²μ£¨° ¶·μ¨§¢μ¤¸É¢  ¶μ§¢μ²ÖÕÉ ¶μ²ÊÎ¨ÉÓ ¸É ¡¨²Ó´μ · ¡μÉ Õ-
ÐÊÕ Ê¸É ´μ¢±Ê ¸ É·¥¡Ê¥³Ò³¨ ¶ · ³¥É· ³¨ ¶ÊÎ± . �¸´μ¢´Ò¥ ¶ · ³¥É·Ò Í¨±²μÉ·μ´  ¨ ·¥§Ê²ÓÉ ÉÒ
³μ¤¥²¨·μ¢ ´¨Ö ¶·¨¢¥¤¥´Ò ¢ ¤ ´´μ° · ¡μÉ¥.
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