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I Laboratori Nazionali del Sud 
INFN LNS: accelerators and experimental halls



Come studiare i primi istanti di vita dell’Universo?

The LNS accelerators

450 KV injector

2 sputtering 

sources

Superconducting 

ECR source SERSE 

Normal conducting

ECR source CAESAR 



Bending limit K=800

Focusing limit Kfoc=200

Pole radius 90 cm

Yoke outer radius 190.3 cm

Yoke full height 286 cm

Min-Max field 2.2-4.8 T

Sectors 3

RF range 15-48 MHz

(T/A)max = Kbending (Q/A)2  ~ 25 AMeV Au36+

(T/A)max = Kfocusing (Q/A)  100 AMeV fully stripped 

The LNS Superconducting Cyclotron

Versatility
(performance)

Reliability 
(protontherapy)

High intensity
(radioactive beams) 



AX E (AMeV)
H2

+ 62,80
H3

+ 30,35,45
2D+ 35,62,80
4He 25,62,80
He-H 10, 21
9Be 45
11B 55
12C 23,62,80
13C 45,55
14N 62,80
16O 21,25,55,62,80
18O 15,55
19F 35,40,50
20Ne 20,40,45,62
24Mg 50
27Al 40
36Ar 16,38
40Ar 15,20,40
40Ca 10,25,40,45
42,48Ca 10,45
58Ni 16,23,25,30,35,40,45
62,64Ni 25,35
68,70Zn 40
74Ge 40
78,86Kr 10
84Kr 10,15,20,25
93Nb 15,17,23,30,38
107Ag 40
112Sn 15.5,35,43.5
116Sn 23,30,38
124Sn 15,25,30,35
129Xe 20,21,23,35
197Au 10,15,20,21,23
208Pb 10

4He 80 AMeV

112Sn 43.5 AMeV

Beams developed at the Superconducting Cyclotron
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In red beams with intensity 1012 pps



Axial injection: intensity enhancement 

Extraction is critical due to compactness: e 50%

Last turn separation

DR=R•(DE/E)•(1/nr
2)•g/(g+1)

1994 – Booster of the Tandem 2000 – Stand alone



Septum: directly cooled

New septum material: W vs. Ta

Bigger thickness: 0.3 vs. 0.15 mm

extraction efficiency 63% vs. 50%

Increasing the Cyclotron beam intensity

13C4+ @ 45 AMeV

Pextr = 150 watt I=1020 enA= 

1.5x1012 pps

The source-cyclotron

matching needs to be

improved

Beam transport along the

injection line is now being

considered, following the

MSU, JYFL, KVI methods



Extraction by stripping: high efficiency >99%

Atomic Data and Nuclear

Data Tables, Vol. 51, No. 2,

July 1992, Table 2 pag.187

Light ions - A<20 - with

energies higher than 15

MeV/u, are fully stripped -

q=Z – with F(Z)>99% - when

crossing a stripper foil with

equilibrium thickness

12C 15 MeV/u F(5)=8.35e-4 F(6)=0.99917

12C 20 MeV/u F(5)=3.20e-4 F(6)=0.99968

18O 15 MeV/u F(7)=3.14e-3 F(8)=0.99690

18O 20 MeV/u F(7)=1.29e-3 F(8)=0.99870

18O 30 MeV/u F(7)=3.74e-4 F(8)=0.99963

20Ne 15 MeV/u F(9)=8.90e-3 F(10)=0.99110

20Ne 20 MeV/u F(9)=3.26e-3 F(10)=0.99670

20Ne 30 MeV/u F(9)=9.51e-4 F(10)=0.99910

Extraction by stripping is based

on the instantaneous change of

the magnetic rigidity of the

accelerated ion, when its charge

state is suddenly increased

crossing a thin carbon foil



• Beam dynamics of extraction by stripping

• Technical feasibility of extraction by stripping

With a strong constraint: keep the design operating diagram
– i.e. mass and energy range – wide variety of beam types

Feasibility of the project 

Technical Design Report



While making beam simulations it came out that the present extraction

channel implied big beam envelopes in the transverse phase space

Therefore a new path was taken into consideration: a new channel  

Feasibility of extraction by stripping



Extraction by stripping beam envelopes
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Extraction by stripping beam envelopes
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Ion Energy Isource Iacc Iextr Iextr Pextr

MeV/u emA emA emA pps watt

12C q=4+ 18 400 60 (4+) 90 (6+) 9.41013 3240

12C q=5+ 30 200 30 (4+) 45 (6+) 4.71013 2700

12C q=4+ 45 400 60 (4+) 90 (6+) 9.41013 8100

12C q=4+ 60 400 60 (4+) 90 (6+) 9.41013 10800

18O q=6+ 20 400 60 (6+) 80 (8+) 6.21013 3600

18O q=6+ 29 400 60 (6+) 80 (8+) 6.21013 5220

18O q=6+ 45 400 60 (6+) 80 (8+) 6.21013 8100

18O q=6+ 60 400 60 (6+) 80 (8+) 6.21013 10800

18O q=7+ 70 200 30 (7+) 34.3 (8+) 2.71013 5400

20Ne q=4+ 15 600 90 (4+) 223 (10+) 1.41014 6690

20Ne q=7+ 28 400 60 (7+) 85.7 (10+) 5.31013 4800

20Ne q=7+ 60 400 60 (7+) 85.7 (10+) 5.31013 10280

Studied cases – expected intensities



Liquid nitrogen 
shield

-Coil layers

Liquid helium 
vessel

From electrostatic extraction to extraction by stripping

New superconducting magnet



Feasibility of a new superconducting magnet

Specifics

• Main coils form 

factors within 0.1% 

of the present ones

• Extraction channel 

height  enlarged by 

30 mm  

• Superconducting 

cable

• Lhe and LN2 

consumption within 

the present

• Magnetic, thermic 

and structural 

analysis of the cold 

mass

• Cost estimate

A conceptual design study has been realized in
collaboration with Massachusetts Institute of Technology
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A technical and functional analysis of the new superconducting magnet

has been committed to ASG Superconductors, starting from the results of

the conceptual design study made with MIT

As a result, a TDR has been produced
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TDR : the superconducting magnet



4,13 mm
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Small cable, maximum current
670 A many turns
Higher inductance, longer
ramp-up time

S.C. magnet TDR : the superconducting cable



Preloading screws

The very robust Liquid 

Nitrogen shield and the 

radial penetrations

S.C. magnet TDR : technical details



The liner is the

copper structure

covering the iron

pole to form the

vacuum chamber.

The present liner

will be replaced by a

new one to reduce

vacuum leaks and

increase the beam

clearance

TDR : new liner



TDR : overall mechanical modifications



Rotation axis

Alternative axis

TDR : stripper system
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TDR : mechanical structure for both the extraction 

modes



TDR : lay-out of the magnetic channels



New Extraction beam line

Matching Point

25

TDR : new extraction beam line



TDR : improvement of the extraction beam line



TDR : improvement of the extraction beam line



Magnex beam dump



TDR : cost estimation



TDR : cost estimation



TDR : time estimation



TDR : time estimation



Superconducting Cyclotron reliability

A weak point: the Liquid Nitrogen shields 

After the warm-up operations (2 since the first

cooldown in 1992) LN2 losses have been

detected in the LN2 shields of the cryostat.

One of the three shields – named virola interna

– has already been closed, but some smaller

losses have already been detected in the other

big shield – named virola esterna – which cause

some problems to the cryostat vacuum.

LN2 shields cannot be fixed nor replaced.
LN2 shield

-Coil layers

LHe 
cryostat 



Technical Design Report 

The described TDR has been presented to the INFN

Machine Advisory Committee on November 12, 2015

Waiting for the MAC (positive) report  


