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\\\ CYCLOTRONS PROVIDING LIGHT IONS IN

SCENT 300

z)

SYNCHROTRONS are today used everywhere (japan,
GSI, CNAO) for carbon beam therapy

IBA C235 RESISTIVE COILS

CYCLOTRONS > PROTONS
ACCEL\VARIAN K250 SC

IBA C400 PROTONS
SC CYCLOTRON =)

INFN SCENT300 CARBON IONS

v' compactness and simplicity
v lower size and cost 2 superconducting tech.
v high beam modulation control - fixed energy (ESS needed)

HIAT 2009, 9t June , Venice 2



T ——.

r_-. / ’—:\
2\ Why 300AMeV of carbon ions ?
SCENT 300
600 e —_— —8570 — — —
EH&N 519
500 |l Brain
O Esophagus 467
B Lung L 421
g 400 [ W Liver 388 | s
g HB&S
: M Prostate
2 300 @ Uterus
.E O Others
£ 200 :
P@ 250 AMeV
100 ==
Cl2@ 300 AMeV = 174 mm depth
o L9 %1 ~759% of targets : 0
10 30 50 70 80 110 130 150 170 190 210 230 250 270
Maximum Depth of Target (mm)
Number of Targets 3398 199579~ 2001,/2
Number of Patients 209 Courtesy of HIMAC

"Head Neck and Brain: 85%: Lung and Liver: 80%: Bone —
and Soft Tissues sarcomas: < 20%: Pancreas. Prostate.
Uterus. and Others: < 3%. Tumours treatable with 300 MeV/u
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U~ MAIN PARAMETERS IN:

SCENT 300

z)

Parameters Values
PARTICLES ACCELERATED H,", “C*
INJECTION ENERGY 25 AKeV
EXTRACTION ENERGY e @ 300 AMeV,
p (@ 260 MeV
K BENDING 1200 MeV
NUMBER OF SECTORS 4
POLE RADIUS 132.5 cm
MEAN MAGNETIC FIELD 3.15 tesla ~ 4.2 tesla
PEAK MAGNETIC FIELD 4.95 tesla
Axial + 2 external 1on
INJECTION SCHEME
sources
) Carbon by 2 ED,
EXTRACTION . o
p by stripping of H,
SIZE Diameter= 5 m, Height= 3 m
WEIGHT ~ 350 tons
COILS 2 superconductors
MAX CURRENT DENSITY 47 amp/mm’
ENERGY STORED 35 MIJ
NUMBER OF CAVITIES 4
OPERATING RF HARMONIC 4
RF FREQUENCY ~ 98 MHz
ESTIMATED POWER LOSSES 50 kW/cavity
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"/~ INJECTION LAYOUT
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SCENT 300

Tul=dian Flans of cyd obron

Spiral infl=clor

ECR sources

positive
electrode

EE——

negative
electrode

E,.;=25 AKeV

AV = 14 KV

inflect™

gapinflect: 6 mm

E = 23KV/cm

inflect™

Vdee inj=70 kV
Bo=3,15 tesla
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U~ CENTRAL REGION DESIGN i
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.~ MAGNETIC FIELD PROPERTIES INFN
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U~ ISOCHRONIZATION LEVEL N
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i RF CAVITY DESIGN l'jf"
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.~ BEAM DYNAMIC STUDY

SCENT 300
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WORKING DIAGRAM

T

Qz

0.5F .

333

[300.7 AMeV @ 129.36 cm |
1 “"J{

%.9 1 1 12 1.3
Qr
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o WHAT APPENDS AT RESONANCE ZONE? INFN
WA e
SCENT 300

Minimal transverse stability plot
267 AMeV
267.5 AMeV

266 AMeV  266.5 AMeV

\ﬁ / 205 AMe) Solution?

Jump these radii...

o 100 & ~ d but energy gain
pr 196 &
(cm) b ‘

cannot increase

10.097

too much

9959

9192-4.2 12424 12428 12432 12436 1244 12444 12443 124.52 124.56 1246

radius (cm)

4/3 resonance crossing —static mode-
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U~ WHAT APPENDS AT RESONANCE ZONE?

SCENT 300

Cz
z_)

Minimal transverse stability plot

267 AMeV
267.5 AMeV
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mEﬁ 0.5
7
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pr § —
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9009 \J
< 0.2
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Fig. 5.4: energy gain (AMeV/turn) versus the radius
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.~ Radial beam envelop in two cases

SCENT 300
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SCENT 300 7, -
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\'\-;;ﬁ\ VERTICAL BEAM DYNAMIC CUn
SCENT 300
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U~ Trimming C12 to H2+:

RF and MF change IN

z_)

SCENT 300
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small variation of the MF

Best solution:
coils split into two parts (C400)

Bo=cost.

RF Frequency scales
0,7 %

Two beams mean two different
operating RF frequencies

200

0
dB(r)
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— 200

—400

0 50 100

HIAT 2009, 9t June , Venice

16



—

TN - o )
i 2nd way: change only the magnetic field i
SCENT 300
DEISOCHR. C12 vs H2+
0.015 fre = cost
1
5x103\/
‘/ Bonewrratio) = Eowo(0.))
° o ratio-q-c
B 5X10_30 50 100 150
RADIUS
280
Magnetic field difference
between C12 and H2+ is larger, ="
but RF freq. is kept constant 93“55240
(it needs only the fine tuning)
220 50 100
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v~ Trimming by two correction coils

SCENT 300

26/feb/2003 18:01:16

Surface contours: BMOD
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UNITS
Length cm
hagn Flux gauss
Dienzity

Magn Field oersted
Magn Scalar  oersted

Pat cm
Magnvector  gauss
Pt cm
Elec Flux Ccm*®
Dienzity

Elec Field Wem!
Conductivity 5 cm!
Current A cm”
Dengity

Power W
Farze M
Energy J

PROBLEM DATA

mod_15B5_new Sbiz_4536
TOS5CA Magnetostatic
Morlinear materials
Simulation Mo 1 of 1
5465230 elements

757131 nodes

3 conductars

Modally interpalated fields
Activated in global
coordinates

Field Point Local

Coordinates
Local = Global
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GOOD M. FIELD MATCHING
MINIMIZING POWER LOSSES
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\’\;.,;_4:\\ MAIN SETTING TO CHANGE BEAM

SCENT 300

=
INF'N
C
PHASE SLIP CALCULATED BY EO MAGNETIC FIELD MATCHING

260

30

12C64#

280

260

/&)
240

220

—40 extraction 20 |
‘ 0 13 26 39 52 65 78 91 104 117 130

0 61 122 183 244 305 r

Eoc129  Eon2'®

MAIN COIL : 4586 A/cm?2 = 4586+53.7 A/cm?2
CC1: 104.47 Alcm?2 > 8X8cm?2, R

=171 cm, H_,,.=81 cm >> 1.32 kW/coll

int

CC VAL: 395.1 A/lcm? - 5X4 cm?, R, ;=106 cm, H_.. =69 cm >> 3.24 KW/coil

RF SETTING: nu0=24.18717 MHz - 24.18587 MHz Af: 1,3 KHz
TRIMMER RANGE TUNING (~ 6 KHz)
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. EXTRACTION LAYOUT

SCENT 300

E..x = 120kV/cm

4 PASSIVE MCs

g~ 60 %
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.~ BEAM DYNAMIC AT EXTRACTION INFN
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SCENT 300
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U~ CURRENT BEAM ESTIMATION

SCENT 300

goﬁ
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INFN
C

inmmmm)> Carbon ions by EDs
lnE===)> Protons by stripper

Mcd.lanF‘]ancu cycl otrm

Ion source |2 mA
—] . .
Injection
g [N 90 %
2 line
—3F
(] 3 | Central 5 % (no
- =" & |region buncher)
= o :
E 35 |acceleration | 90%
1 Fataay Cup (D
I A | oxtraction |°97% C
J (@]
. E lI — >
I " 1 B 2 |Pcurrent |80 nA
C current 48 nA
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.~ CONCLUSION N
SCENT 300
The final design of SCENT300 was completed and no other study
is expected: the technical drawings of the iron steel are also
accomplished out.

R
N

Top Pole

Correction coil 1

Correction coil 2

Central yoke
up

HIAT 2009, 9t June , Venice ' 24



—

N[ = ”j
e {T‘ N
SCENT 300

GRAZIE !
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\;-f‘\ Coil t INFN
N OlIS parame ers C
SCENT 300
Coil Parameters e

Size 150%x210 mm?2

Current density 46.5 amp/mm?2

Inner Radius 1420 mm

Distance from the

M.P. 70 mm

Energy Stored 35 MJ

Nominal Current 900+1000 amp

(I)

Total current (NI) 1.48 Mamp
Max Magnetic field 4.4 tesla
Axial Force -9.09 MN
AVCTRET R 100 (110) MPa

Stress (peak)

Conservative
Design
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\\;\ FORCES EVALUATION ON THE COILS (J X B)

SCENT 300

Vertical force (N) )

-720000

TOT=-891 tons/coil

it -735000

1680000

0000000

1650000

0000000

0000000

Radial force (N) :>

1670000 -

1640000 -

1620000 -

1610000 -

Average=166 tons/coil
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"/~ STRESS DISTRIBUTION IN THE COILS IN

SCENT 300
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Map contours: BMOD
r— 4.413895E +004

— 4.000000E +004

— 2.500000E +004

H— 3.000000E +004

H— 2.500000E +004
125 14} 145 150 155

— 2.000000E +004

— 1.500000E +004

= 1.000000E +004

H— 5.000000E+003

l 1.923018E +002

SCEWT300

1
Rout — Rin

Rout
J 60(r,0.33) dr = 101.935MPa
Rin

115

HOOP STRESS

110

60 (r,0.33)
————105
MPa

100

95
1.4 1.45 1.5 1.55 1.6

1

RADIAL STRESS

0

~1
or (r,0.33)
MPa

-3

—4

5
1.4 1.45 15 1.55 1.6

HIAT 2009, 9t June , Venice

28



T —.

\.\; N i'_f N
< |
SCENT 300

HIAT 2009, 9t June , Venice 29



	CONCLUSION
	Summary



