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INTRODUCTION

A 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.

A 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.

A S.A.D (Virtuali Sourcei 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

N Qearbor=400195.4 MeV/u [27.8.2 cm]
N Qcarboim195.491.5 MeV/u [8.22.2 cm]

Ap=pmax_p0=pmin_p0=+20%_<
p P, P, N Qproro=250118.81 MeV  [37:80.4 cm]
N Qprotori=118.8154.6 MeV [10.4.6 cm]

proton ke, =250 MeV P = 729.13MeV / c
protonke. = 35MeV P =258.7MeV/c < — Permanent proton gantry
proton ke,,, =155.7 MeV Py = D62. MeV /¢

- 54%¢@¢0.30%
P

B e =291.73MeV /u Posrter carbon = 192.848 MeV /c/u .

center center carbon Superconducting
E ... =195.44MeV/u Princane, = 63428MeV /c/u = carbon/proton gantry
E ... =400.00MeV/u Princarbon — 29142 MeV /c/u

- 20%¢@¢0.20%
P
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POLARITONS

A quantum penduium

SPACE WEATHER
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Acceleration
without scaling




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

Orbits exaggerated transversely 5000x, shape of hexagonal RHIC is evident

© Stephen Brooks foee
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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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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 1 250 MeV protons
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Gantry Halbach Magnet Design (Nick Tsoupas I BNL)

= --_;:Ef; ' UNITS
G=100 T/ m — * SR

Magnetic Field :A/m
Magn Vector Pot : Wb/m

. ' ; : Current Density  : A/m?
Y [cm] \ b h ] y : Conductivity :Sim
G \ ; Power ‘W
Force :N
Energy :d
Mass -kg
Pressure :Pa
MODEL DATA

fhomeO/tsoupas/opera_fi
les/CORNELL_100Tpm/
2d_model/Quad_93Tpm
_R1=2p0_R2=7p0_1p4T.
st

Quadratic elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Scale factor: 1.0

29354 elements

59109 nodes

48 regions

-4.0

. z = '/ / f
= \
7 § ¥
y // J i ' i\‘\
5.0 S A=)

-5.0 e : ————— B 7

08/Sep/2015 09:10:24 Page 11

s
-—d

-~
i o

—

Component: POT
Minimum: -0.022, Maximum: 0.022,

Interval: 0.02 | O pe ra

imulation software

e of Nuclear py,

[s)
g ICTR-PHE 2016 Emerging Technologies, D. Trbojevic 17 February NATIONAL LABORATORY 15




Gantry Halbach Magnet Design
(Nick Tsoupas-BNL)

G,=90 T/m
B,=1.63 T

8.0~
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UNITS
Length -cm
Magn Flux Density: T
Magnetic Field :A/m
Magn Vector Pot : Wbh/m
Current Density  : A/m?

Conductivity :S/m
Power W
Force 'N
Energy :J
Mass - kg
Pressure :Pa
MODEL DATA

fhomeO/tsoupas/opera_fil
es/CORNELL_100Tpm/2
d_model/Quad90Tpm_R
1=1p5_R2=3p14_Dip1p6
T_R1=3p14_R2=11.st
Quadratic elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Scale factor: 1.0

37678 elements

75757 nodes

64 regions
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F%UtSId 13 /7 cm
Risige =1.17 Cm
Byipole =1.6T
G, = 90 T/m

J 13.7cm

b

Parameters in no particular unit

0]= aooaef»gggn
1] =0.014198

2)= -001038629
3]=0.029
4 =-o.os§g494

=-o. 0936094
% ==0.0210847
=-0,04068514
9]=-0.10
10] = 0.07772
1]=-0, 116
12]=0.15
13]= oava472071
14] = 0.0800213
15]=0.141447

-pole: 6.53401e-008 T
2-pole - %"/‘613@008 T
18-pole* 1.1 1e-oav
20-pole: 5. 356-008
22-pole; -1.27811e-006 T
:g_pole: 7.21536e-007 T
pole: 3.596029e-006 T
28-pole; 4.61009e-006 T
30-pole: 3 15269e-006 T
32-pole: = 73462e-m7T
34-pole: -4.245616-606 T

0.005972
=(-0.00

Bl=eo.
criB=2

"2-pole; -0.48471 T 2-skew agoempd 2-skew: (

g:gole 0.34, 4-ske % T ~skew: ¢
ole: =3.7! 595e-eo7T %wam

: -4 .79037€-007 T msze W: -0.00

1o-po : =2,5094 m»qﬂwnngzge Kiew: =0.6

l2-DO|E' =2,004 e-oeB T m—ﬂoﬂm 16 é’w 0.0




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

Weight of the transport components 1 135 tons
Total weight =630 tons - 19 mlong. WEIGHT and SIZE

45° dipoles

treatment

absorber
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Very strong focusing Basic Cell

QD/2 OF

dp/p=18% 01m 072
59 mm ———F———— e 400 Me /iy
4.6 mm e — ‘:: ::\ —
dp/ p:-18‘%»“ o .____7___--!— e x
B 9.4 mm 210 MeV/u
4 cm 8

< —

Lep=27/2 cm W‘l cm

62 cm Lm

BROOKHFAUEN
NATIONAL LABORATORY

ICTR-PHE 2016 Emerging Technologies, D. Trbojevic 17 February

21



Reducing the size and weight from:
135tons A to 3tons

h
A W C
= ¥ 93 m e 7y
3 W3 A
~ .
\d =
A\ \. d 0% ©
l 4 o Nl
0.3
N
v 0.41 v v
Magnified 10 cm
7.52m
< >
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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 i BNL)

]

Gantry Quadrupole *
Coil Winding

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

Quadrupole Coil Winding
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Dipole windinc Brett Parker i BNL
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Magnetic field of the Superconducting Gantry
(Brett Parker T BNI Total volume of iron
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V,=0.2611 m3
r=7870 kg/m?
Weight~2.055 tons
+ ~1ton for cryostat
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