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INTRODUCTION

* Future gantries for the ion cancer therapy need to have large
momentum acceptance - longitudinal scanning -
conclusions from the ion cancer workshop organized in January
2013, by NIH (US National Institute of Health), NCI (US-
National Cancer Institute), DOE. Efforts should be put on:
reducing the gantry cost, size, and complexity of operation.

« Work on markers to be used for in city during the real time of
treatment to provide information on ion-tumor interaction but
also on the very low intensity beam measurements: precise
dose, beam position, profile, and energy. There are some
S|mple ideas at BNL of using the vacuum windows for
determining the beam position, beam transverse profile and
even the intensity (dose). For the reduction of size in both
carbon or proton gantries the superconducting magnets are
clearly needed. The larger the field the smaller the size.

« S.A.D (Virtual-Source—to patient distance) without large
magnets (Except the second scanner magnet still large 20 (30)
cm aperture.
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he NEW carbon ion
gantry replaces the
135 ton magnets of
the Heidelberg gantry
with smaller BNL
superconducting
magnets.




Range of momentum = range kinetic energy
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MAKE IT SMALLER YET HIGHLY

WO properties were annoying:
VERY LARGE MAGNET SIZE

, 30% OPPOSITE BEND - INNEFICIEN
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A new Energy Recovery Linac with the Non-Scaling Fixed Field
Alternating Gradient arcs and straight sections is to be built at
Cornell University Physics Department an eRHIC prototype
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eRHIC FFAG Rings In Perspective

Legend: [F11 to hide]
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Detector Bypass Scheme: a Flexible FFAG
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Merging FFAG arcs to the straight section In
eRHIC
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PANL SCHERNER INSTUTHT

5[}~ The state of the art proton gantry at PS
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The state of the art proton gantry at PSI
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Permanent Halbach Magnet
NS-FFAG Proton Gantry 35-250 MeV
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Halbach Permanent Magnet Gantry

The Basic Cell Magnified Orbit Offset for
35 MeV — 250 MeV protons
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Permanent Halbach Magnet
NS-FFAG Proton Gantry
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Orbits in 3D in half of the Superconducting Gantry
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Gantry Halbach Magnet Design (Nick Tsoupas —BNL)
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Gantry Halbach Magnet Design
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Parameters in no particular unit
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Rout5|de
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Built Models of Defocusing Modified Halbach Magnet

D. Trbojevic - lon Beam Therapy: Clinical, Scientific, and Technical Challenges -Birmingham Jan 18-21, BROOKHFAVEN
2016



Modified Halbach magnets for BNL eRHIC
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State of the art C-gantry at Heidelberg

Welight of the transport components — 135 tons

absorber

treatment

Total weight =630 tons - 19 mlong. WEIGHT and SIZE
45° dipoles | :

2016
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Very strong focusing Basic Cell

QD/2

op/p=18%

59 mMm — .

QF

-4.6 mm

Sp/p=-18% |

4 cm

< —

Lep=27/2 cm W‘l cm
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Reducing the size and weight from:

135 tons = to 3tons
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BROOKHAVEN U. S. Department of Energy

Office of Science | High Energy Physics
FY 2016 Research Opportunities in Accelerator Stewardship | LAB 16-1438

THE PROPOSAL FOR SUPERCONDUCTING CARBON/PROTON
GANTRY

Bend Radius = 2.96 m

Dipole Field = 1.817 T
QF Gradient = 150 T/m
QD Gradient =-109 T/m
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Tools and quadrupole windings
(Brett Parker — BNL)

]

Gantry Quadrupole *
Coil Winding

Direct Wind Coil Production Example
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Achromatic Part of the Superconducting Gantry
(Brett Parker — BNL)
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Brett Parker -BNL

Quadrupole Coil Winding
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Dipole winding (close-up) (Brett Parker — BNL
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Magnetic field of the Superconducting Gantry

(Brett Parker — BNI Total volume of iron
V,=0.2611 m3

p=7870 kg/m?
Weight~2.055 tons
+ ~1ton for cryostat

Cross Section at QF Location
J00 0I_30 =1.817T
“1Go =150 T/m

80.0—

20.0

i T )

20.0 80.0 100.0

40.0 60.0

¥~-100.0
Component: [B| in Coil (Tesla) X (mm)

E.B?243E-03 2.359247293 4.7156221?
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CARBON GANTRY h=4.091m
without magnification

400 MeV/u
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6.84166 m

3.7913 m

2.7607 m

m
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CRYO-COOLERS: reliable, maintenance free,
easy to operate

4K Cryocooler Specification Chart
Watts @ 50 Hz Watts @ 60 Hz

1st Stage Capacity Znd Stage Capacity 1zt Stage Capacity 2nd Stage Capacity

RDK-101D 30W @ 60 K DAWm42K S5.0W @ 60 K DAWm@Ea42ZK
RDK-305D 15W @ 40 K 04W@42K 20W @ 40 K 04W@m42ZK
RDK-205D 30W@ S0 K 05W@E42K 40W@ 50 K 05W@42ZK
RDK-408D2 34 W@ 40 K 10Wm@42K 44 W i@ 40 K 10W@ma2ZK
RDK-415D 35W@ 50K 15W@42K 45 W @ 50 K 15W@42ZK

2016
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SUMMARY
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SUMMARY:

1.NS-FFAG gantries provide transfer of carbon ions with large
momentum range: dp/p=x 20% (200-400 MeV-or-100-200
MeV) allowing longitudinal scanning as fast as the front
accelerator can change the energy of the beam because the
magnetic field is fixed for the required energy range

2.Weight is reduced for one or two orders of magnitude

3.Size of NS-FFAG the carbon gantry is of PSI proton one

4.Qperation Is simplified as the magnetic field is fixed

5.Scanning system is with SAD=

6.Beam size is adjustable with the triplet magnets

/. Triplet magnets do not need to be superconducting
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