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The best transport equipment is GANTRY.
It is very large equipment with very high cost.

MY Purpose:
design of compact and not expensive
realistic compromise transport system
for proton and ion beams
with suitable properties and high productivity.

Compromises :
Spread of possible direction can be limited in one room.
Spread of possible direction can be different in each room.

Treatment table with horizontal placed patient can be
displaced according of beam direction.



GANRTY schemes with parallel scanningisos

Its sizes and cost MUST be decreased according of opinion insurance
companies
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GANTRY for ions at B=1.6TI with SAD >10m
R=4m

PRECISION ROTATION of 100T with D=7m

B=1.6Tl protons
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At R=0.5m (protons at B=4T]I) | see difficulties with scanning.



It were many attempts for design compact GANTRY.

Eccentric GANTRY [PSI-1, PIMMS (2000), Kats (2002)]
bends of treatment table with horizontal placed patient
around of heavy magnets which bends on the same angle

e W 15m

AR S 15m

D(frame)= D(patient)= 2x(R+H/2) D(frame)=R(bend)/2+H/2(magnet)
No acces I NO CW
ACCES
D(patient)= R(bend)/2+1.5m




Bends of a patient in vertical position around of vertical axis
(V.Balakin)
It is suitable for some targets.

Bends of a treatment table with patient around of horizontal
axis with limits in angles and with additional tomography,
additional un useful dozes, and additional plan of irradiation
after each bend.

http://www.p-cure.com/



Scheme of Planar System  M.Kats 2002

A patient is fixed horizontally. Changing irradiation direction requires
the beam to be turned off in vertical plane and the treatment table to
be moved up or down. The redirection of the beam in the vertical
plane is done by immovable magnet with increased gap placed in
front of a patient. Quick access to a patient remains possible at all
times. Floor in treatment room to be moved up and down like table.
This floor is joined with permanent floor by stair in safety corridor.



Advantages of Planar System.
* Heavy magnets are immovable.

 Beam’s optic is simple. Beam’s optic depends
on direction.

(2mmx7mr, dP/P=%0.5%)
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Required size of the treatment room is minimum
(like 6m*7m*7m for protons at B<1.6Tl
and the same for ion beam at B<4TI).

Required electric power is minimum
(middle power for SPS45 10 times less then for GANTRY).

Cost of equipment per treatment room is minimum.
(like 0.3GANTRY cost).

Medics have quick access to patient at any position of
treatment table.

SAD is more 3m, it will be bigger as bigger angle f.



* Planar System can be used for significant
extend possibility of any treatment rooms with
horizontal direction of the beam even at small
magnet.

* Planar systems can work with any accelerators
IN many versions and with scanning systems, .

« Planar systems are especially useful for ion
beam transport.



Disadvantages of planar system.

e There are limits In irradiation directions.

* There is uncompensated linear dispersion on the
target in vertical plane (like 15mm/% for 45 degrees)

* There is displacement of the table with patient and all
devices. There is displacement of floor in treatment
room according of table position.



Ways to overcome disadvantages:

At compromise directions interval of (-45<f <+45) + (-135<f <+225)
degrees to the horizontal plane, it is possible to choose a few (3 for

example) suitable or optimal directions in any fraction (almost as in usual
GANTRY).

How many targets (from 100) can’t be irradiated with suitable properties by
SPS457? | suppose like 20. Show me them.

At prostata treatment optimal beam directions at using SPS(45) or

GANTRY are the same! (directions near to vertical are closed by bladder
and rectum).

GANTRY




Influence of linear dispersion is small enough (at using
beam after extraction from synchrotron (dP/P =0.1%),
at small bends of the beam in main magnet, at large or
deep targets...). If the target is small and dP/P=0.5%
(after ESS) dP/P can be decreased by gap of collimator.

Displacement of treatment table with a patient together with
all devices (less 1t) in the vertical plane in the interval of
+1.5m with precision £0.3mm is not difficult to achieve.

Displacement of floor in treatment room (less 1t) together
with its stair in safety corridor in the same interval of
+1.5m with precision £1sm is more simple task.

Unmovable position of patient on treatment table can be
controlled by optic devices (like on GANTRY).



For increasing productivity of accelerator and for possibility
of using for irradiation any spatial directions it is suggested
to use 3 independent treatment rooms at 3 levels with SPS45
into each room (around of direction of beam at it enter in this
room). Treatment of any patient can be made with using all
rooms in different fractions.

System of three treatment rooms placed on three levels with
planar systems SPS45 into each room can work with very
compact and simple transport system to rooms based on one
magnet with bend of the beam in vertical plane. Such
compact and simple system seems me as very perspective.
Any directions at treatment are possible, 3 independent
rooms have year productivity like 900 patients.



Scheme of 3 rooms with planar systems SPS45 into each room (7m*7m*6m)
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It can be useful for proton beam at magnets with fields up to 1.6TI.
The same rooms are need for ion beam at magnets with fields up to
4TI, It is realistic system!



Scheme of 3 rooms with planar systems SPS45 into each room

for ion beam at B<1.6Tl
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It is realistic system!



Example of magnet for protons SPS(60)
was designed in Dubna by N.Morozov in 2010.

Requirements for its field are not so hard, as for GANTRY
(bend f < 90degrees, distance to the target is smaller)
Magnet for SPS(45) will be smaller and simple.

wwwwwwwwwww

Facuer martura SPS-60 1'

H.A.Mopeo3ce
[Oy6Ha, oktaBpe 20101,

OBLMA BUO, PAcdYeTHOR MOMOENM MoKaiaH Ha Puc.l. B wCnonb3oBaHHOM CUCTEME

KOOPOWHAT Hauano rontca X=100 cM (NpAMan), KoHeL Monca X=230 cM (paguyc R=140 ¥
-

cm, Xc=5%0 cM). YTNoBoi paiMep nomoca - 60 rpag.

PacnpegeneHie mMarHMTHOro NonA 4ANA YpoBHA Nonsa B 3asope B=1.6 Tn npMeedeHo Ha

Pue.2-3.

Puc.2 - none Boone ock X (Kpasa nonoca X=100-230 cMm).

Fuc.3 none sgone ock Y (X=105 cm).

Puc.4 — none B NnonepedHoM HanpaeneHdr no gyram R=60, 110, 135 cm (ueHTp Xc= 90 j 4

cm). W VECTOR FIELDS

\\\\\\\\\\\\ Puc.l. Buosl mogenu marHuiTa SPS-60
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A few schemes of SPS(45) were sketched and calculated.

Planar System SPS(45) Ritube
for protons beam
with hot magnets Scleen
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Treatment room with SPS(45) for ion beam at B<1.6Tl
with displayed tomograph and small bends of treatment table.
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Spatial schemes of treatment rooms
for ion beam at B<1.8Tl
with usual GANTRY and SPS(45)

GANTRY for ions at B=1.6Tl with SAD >10m
R=4m
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It is possible to use industrial robots for precision

displacements table with patient and devices.
For example

e FANUC

000 DAHYE

OcHoBHble TexHWYecKHe XapaKTepucTUKY
MpomblwneHHblid pobor FANUC R-2000iC/210F

Mogaens R-2000iC/210F
Tun LLapHWUpHo-CouneHEHHEIN
HONMUECTED KOHTPOMPYEMEIX OCER 6 ocei (11, 12, 13, 14, 15, 16)
KOnW4ecTeo CouNeHEHNH B
YCTaHOBKE HanonkHas
PaauMyc AOCRMERMOCTH 2655 mm .
¥ron noeopota, rpag I1-axis | 360° o
12-axis | 136° \'"1
13-axis | 316° = 2
I4-axis | 720° \.“
15-axis | 250° o
I6-axis | 720° Tl
MaHC. CHOpPOCTH 11-axis | 95%/c I ra
no ocAm 12-axis | 90%/c e call 4
13-axis | 95°c k|

14-axis | 120%c

15-axis | 1333H/m
l6-axis | 706 H/m

15-axiz | 120°/c i
J6-axis | 190°%/c [
Marc. Harpyska - rpy3oncgazemMHoOCT 210 kr 7 ?‘q
[onycTUMBIH MOMEHT ld-axis [ 1333H/m ! gi J/ ¥
> ]
|
R

JonycTUMEIR MOMEHT WHEPLM K 14-axis | 141.1 "”-“"z r
I5-axis | ML1wr/
16-axic T8.4 wrim

Tun npUECA0E CepBonprBnaa NEPEMEHHOND TOKE, HEXOAALUWECS

EHYTpM kopnyca pobota

[ OETOpREMOCTE 0.3 mm

Macca 1240 kr

CpegHee aHepronoTpefneHue ~3,0 kBr

TemnepaTypHLIR AMaNasoH, rpaa’ 0-457




Conclusion:

Using of Planar Systems is a realistic way to decrease
sizes and cost of suitable compromise transport equipment.

Using a few treatment rooms at different level with Planar
Systems Is a way for increasing productivity of future centers for
treatment by proton and ion beams.



Literature

1. M.\M.Kay,  [lpocTada nnockasa cucrema MT3 2002, 2, 136-141, (Rus)

2. M.Kats Simple Planar System PARTICLES n30 07.2002 p.17.

3. M.M. Kats New schemes of multidirectional patient irradiation systems for cancer treatment
with heavy charged particle beams. Preprint TERA 01.2002 .

4. M.M.Kay, Hosag nockasa Cnctema (NPS) TpaHCNOPTUPOBKM NMYy4YKOB MPOTOHOB M MOHOB A4
Tepanuu. MeguunHckasa omsmnka 2007, 1, ctp.37-41 (Rus).

5. M.Kats Compact and non expensive transport systems for medical facilities using proton and ion
beams PAC2009, 05.2009 Vancouver

6. M.Kats Planar Systems and its Comparison with GANTRY and Fixated Beams.
PTCOGH50, Philadelfia, May 2011.

Thank you for attention!



