
Swift ions in radiotherapy: Treatment planning with TRiP98 

 
����������	�
�	��


���������������������� �!�"
$#�������%'&)(

*,+.-0/ 	21�3�3�465 *�7)8�9 	�����:;	=<>��<@? /�/ 	=<A<�BC? D 9E+ D 8 : 9 � 8GF 	 / :E:H��	��': +I-KJ :H?E
 8 ?E��< +I- :@L�	ML�	��ON6� - N - 	 /�P ��	 J,+.8�-
Q + :@LR< / � -�- 	�NTS 	O�U
V< 8 B6< Q + BW: / ���XS 8Y-Z+!8,- <[� 7;-Z/�8 D.D\��S 8 ���G: +.8�- Q + :@LT:@L0	^]6��_a`cb�	 + NE	UD�S 	�� JEd :@L�	
ef��N +.8 D 8�J,+!/ ��D)g -�+�h 	���< + :@iVb 8 < 9E+ :;��Djbk	 + N,	�D�S 	�� JEd � - Nl:@L0	k_a`me 8 <�<X	 - N 8 �nBM
 8 �X	k:@L�� -poEq�qp9 �': + 	 - :�<
L�� h 	$SE	�	 - :@��	��':;	�Nr< 8 B@���'� 7n-�8 ��N�	��s: 8 	Gt 9 D 8,+ :):@L�	�? -�+Hu ? 	 9 L�ia< +\/ ��D)� - N�����N +.8 S +.8 D 8�J,+\/ ��D 9 � 8Y9 	��H: + 	�<
8 B +.8�- ����N + �G: +.8�-�d �vN�	�N +./ �G:;	�Nw:@��	O�[:@
�	 - : 9 D!� -�-�+.-�J <ni)<x:;	�
zyn{}| *�~>+ <�
�� - N��G: 8 �xi �
{>L + < /O8Y- :@� + S�?�: +.8Y- Q + D\D,<@?a
�
r��� +.� 	�:@L0	 / ?E�n��	 - : / � 9 �GS + D + : + 	=< 8 B 5 *�7�� <�{}e + |}3,�v{s| * �=< Q 	�DIDK��<�BW?�:H?E��	
/ L0�UD\D\	 -KJ 	�<�� - N�N�	 h 	�D 8�9 
�	 - :�<[�
�f	���
��n
 8 N�	UD\D +.-�J��
{>L�	 /�8 
 9 D\	�t + :@i 8 B +.- :;	���� / : +!8Y- < 8 B +.8,- SY	���
^<ML0	�� hE+ 	��>:@L�� -�9 � 8 : 8�- < Q + :@LVD +�h +.-�J 
��':H:;	���
�� P 	�< + :
N + B@B +\/ ? D�:): 8�9 � 8�h�+ NE	 9 ?E��	�D�i�	�t 9 	�� + 
�	 - :;��DYSY��<�	vN��G:;�w<;	G:�<>B 8 �j:���	��G:@
k	 - : 9 D.� -�-�+I-�J �
bk	 -�/ 	 8�- 	vL��=<s: 8 ��	�D!i 8Y- <x? B@B +\/U+ 	 - :;D�i�� /�/ ?E���G:;	v�>� - N6B;�=<x:}� / ��D / ? D\�G: +.8Y- <s: 8�8 SK:;� +.- S �=<X	vN��G:;�w<x? / L
�=<�N�	 9 :@L�N 8 <X	vN + <x:@� + S�?�: +!8Y- <�� - N 9 ���x: +./ D\	w< 9 	 / :@�X���
��	$L0� h 	 +.-E/�8 � 908 ����:;	�Nr<�	�
 + �n	�
 9E+ � +W/ ��DE
 8 N�	�D / ��D / ?aD��G: +.8�- <�B 8 � h ��� +.8 ?)< +.8Y- <�<x? / L���<M�W���R� - N6�xbk	 d
� - N Q + D.D /O8Y- : +.- ? 	�: 8 N 8 < 8 Q + :@L�BW?E�x:@L0	���< 9 	 /U+ 	�<�<@? / Lk�=<>�x� + � - NV�W�����
ef��N +.8 S +!8 D 8�J i �
_ 8 ����D.D +.8,- <)LE	�� hE+ 	��a:@L�� -v9 � 8 : 8Y- <,:@L0	 +.-E/ D�?�< +.8,-�8 B,�X��N +!8 S +.8 D 8YJE+\/ ��DK	UB;Bn	 / :�< d=+ ��	K�GeM�M� d <x?E� hE+!h ��D=�X�G:;	=< d
S +.8 D 8YJE+\/ ��DWDIi�	�B@Bn	 / : +�h 	�N 8 <�	 d�+I- : 8 ��	 J ?EDW���$:@��	O�[:@
�	 - : 9 D.� -�-�+I-�JR+ < +.- N + < 9 	 - <���SED\	�� *,+.-0/ 	��GSY� +.-E+ : +.8
/ ��D / ? D\�G: +.8Y- <����X	k< 8 B@��� - 	 + :@L�	�����	�D + ��SED\	 -08 � /�8 
 9 ?�:@�G: +!8Y- �UD\DIilBn	���< + S D\	 d Q 	f?)<A	�:@L�	 h 	���<X�G: + D\	��>���

 8 N�	�DaB 8 �s:@L0	 9 D\� -�-�+.-KJr8 Bs��D\D + �n���ON + �G: +.8�- <'��ef	 / 	 - :}N�	 h 	�D 8Y9 
�	 - :�< +.-E/ D�? N,	 / D�?�<x:;	��X	�Nr< +I-KJ D\	w<@:@��� - N
S��X	�� P < ds+ 
 9 � 8�h 	�
�	 - :�<�B 8 �MD 8 Q �H�>�M{Z����N + �': +.8�- <�� - N / ��D / ? D\�G: +!8Y- <v< 9 	�Nr? 9 S�i���B@� / : 8 ��? 9 : 8 1 q�q
Q + :@L 8 ?�:}<�� / � + B +W/�+.-�J � /�/ ?E�X� / i 8 � h 	���<X�G: + D + :@i 8 B":@L0	$
 8 N�	�DH�
��	�� + B +\/ �G: +!8Y-"�
{se + |}3,��L���<sSK? + D�:;� +I-�9 � 8,/ 	�N=?E��	=<): 8�9 ��	�N +!/ :):@L�	 -�8�- �nD +.- 	����>��	�< 9E8�- <�	 8 B / 	�DWDH<��=< Q 	�DWDE��<�< 8 D + N���<x:;�G:;	
N�	G:;	 / : 8 ��< Q L�	 - 	't 9E8 <�	�N�: 8 /�8 
 9 D\	Ot +.8�- ����N + �G: +.8E- B + 	UD\N,<[� * ? / L N�	G:;	 / : +.8�- <nia<@:;	U
V< d D +.P 	
����N +.8�J ��� 9 L +\/ B + DW
V<�� - NZ{}�>]�<����X	T<x: + DWD Q + N�	�DIi¡?�<�	�NZ� - NZ����	T<@? 9 	�� +.8 �v: 8Z+.8�-�+.� �G: +.8Y-�/ LE��
6S 	���<
? - N�	�� / 	��x:;� +.-�/�+ � / ? 
V<x:;� -0/ 	=< d 	�� J ��: 8wh 	�� + Bxi + �;����N + �G: +W8�- <�? - N�	�� 9 ��	�<�	 -�/ 	 8 Bs
 8 : +.8�- �
� +!8 D 8�J,+./ �UD�] 8 <X	v� 9 : + 
 +.� �': +.8�-)�
{>L�	 /O8Y-�h 	 - : +.8�- ��D>��� - Np�X	��=< 8�- ��SED.i�B;�=<x:���� 9�9 � 8 � / L^: 8p8 S�:;� +.-�/�8�- B 8 ��
��G: +.8�-�8 B�S +.8 D 8YJE+./ ��D>N 8 <�	
N + <x:@� + S�?�: +.8�- : 8 :@L0	�:;��� J 	�: + <s: 8�8�9 : + 
 +.� 	 +.8�- B + 	�D\N"<�BH� 8 
zN + BnB;	���	 - :>N + ��	 / : +.8�- <�< +.-�J DIi �
_ 8 � / �=<X	=< Q L�	���	�	 h 	 - SY	G:H:;	�� /�8�- B 8 �¢
k�G: +!8Y- �6� - NZ� /�/�8 ? - : +.-KJ B 8 � 8 � J � - <��G:�� + < P �6����	£N�	=< + ��	ON d

�	G:@L 8 N,< 8 B)< + 
6? D�:;� - 	 8 ?)<)
w?aD�: +.9 DW	�B + 	UD\N 8Y9 : + 
 +.� �G: +.8�- L�� h 	�SE	�	 -�+ 
 9 D\	U
�	 - :;	ONa��{>L + < Q �=< 9E8 <�< + SEDH	
Q + :@L�:@L�	v
w? / L�B@��<x:;	��sS +!8 D 8�J,+./ �UD ��D JE8 � + :@L�
V<'�K{>L�	�:;	 / L -�+\u ? 	 Q ��< h 	�� + B + 	�NkS�i�
�	�� - < 8 BjS +.8 D 8YJE+\/ �=D
N 8 < + 
�	G:@�nia�
_a?�:H?E��	�]k	 h 	UD 8Y9 
�	 - :�< �
� - 	 8 B":@L0	$
k� +.- BW?�:H?E��	¤:;�=< P < + < o ]¥:@�X	��[:@
k	 - : 9 D.� -�-�+I-�JEd : 8 <@? 9�9E8 �C: + �n����N + �G: +!8Y- ? - N�	�� 9 ��	=<X	 -�/ 	 8 B

 8 : +!8Y-m8 B�S 8 :@L d :@L0	¦< / � -�- 	�N¦S 	O�U
§��< Q 	�DID���<�:@L�	�:;�G� J 	':���{>L�	 - 	 / 	0<A<A���nim	 - L�� -�/ 	�
�	 - :�<l����	
/ ?E�n�X	 - :@D�i�SE	 +.-�J SK? + D�: +I- : 8 {se + |}3,� dY+.-E/ D�? N +.-�J S +.8 D 8�JE+W/ �UD 	�BxB;	 / :�<'�
_ + �'<x:���	=<@?ED�:�<�BH� 8 
z	Ot 9 	�� + 
�	 - :;��D h 	�� + B +\/ �G: +.8�- <����X	 h 	U�nik	 -E/�8 ?E��� J�+.-�J �


