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Sources and LEBT

0.008 MeV/u H3
+

0.008 MeV/u C4+

I ~ 0.5 mA (H3
+)

I ~ 0.2 mA (C4+)

Continuous beam

LEBT Chopper

Two ECR sources



IH
0.4‐7 MeV/u H3

+

0.4‐7 MeV/u C4+

RFQ
0.008‐0.4 MeV/u H3

+

0.008‐0.4 MeV/u C4+

217 MHz

LINAC system



RFQ
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Internal structure
Ion entrance

Ion exit

Four‐rod like type
Energy range = 8 – 400 keV/u
Electrode length = 1.35 m, 
Electrode voltage = 70 kV
RF power loss (pulse): about 100 kW
Low duty cycle: around 0.1%

217 MHz



LINAC
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Stripping foils



MEBT
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7 MeV p
7 MeV/u C6+

I ~ 0.75 mA (p)
I ~ 0.12 mA (C6+)

Debuncher

Stripping foil

Match betas



Multi turn injection
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Bumper Bumper

Septum

Closed orbit

Incoming beam The bumper creates an orbit 
bump collapsing in tens of turns



Synchrotron
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RF cavity

Betatron

Resonance
sextupole

D = D’ = 0

D = D’ ≠ 0

Demanding requirements 
on magnet power supplies

7‐250 MeV p
7‐400 MeV/u C

Slow extraction

I ~ 0.1‐5 mA (p)
I ~ 0.03‐1.5 mA (C)

Betatron core

Multi turn injection



Optics
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2 Superperiods
2 Closed dispersion bumps
1 Dipole Family
3 Quadrupole Families
3 Sextupole Families

Betatron amplitude functions [m] versus distance [m]

Dispersion functions [m] versus distance [m]
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Machine cycle
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Hysteresis cycle

(Courtesy of C. Biscari)



Treatment execution

18/05/2021 12

Sync

Extraction magnets

Injection magnets

1 s

Extracted beam



Slow Extraction
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RF‐KO

Air core quadrupole

Empty bucket channelling

Betatron core
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 = 2.46 Wb

Magnetic screen
needed

Pushes the beam
against the 
resonance



RFKO
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p/p

Amplitude

(b)

Amplitude-momentum
selection

X’

XE

S

p/p

Amplitude

(c)

RF-KO

X’

XE

S

Standard method
at CNAO

Being implemented
for multi energy
extraction



Multi Energy Extraction
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Sync

Extraction magnets

Injection magnets

1 s

Extracted beam

Saved
time

Saved
time



HEBT – Treatment rooms

18/05/2021 17

3 treatment rooms
4 beamlines 
for treatment



HEBT - XPR
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4 configs



Dose delivery
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Giordanengo et al.,NIM A613



Treatment room
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XPR
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Monitoring system on rail
Modular line

Magnets on rail



Thank you for your attention

“Physics is like sex: sure, it may give some practical results, but that's not why we do it. ”
R. Feynmann


