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Fragmentation beams at INFN-LNS - Catania

Movable production 

Target water cooled

Two 45° dipoles of the beam 

line do the fragment selection

Reaction target and fragment 

detection
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Tagging system: layout of the CHIMERA case

Position sensitive PPAC 

to measure trajectoryG.Cardella hib@lns 2015



Tagging system: particle identification

MeV

ns

Same time = same v

Br=mv/q  same m/q 

or for fully stripped ions 

Same m/Z 

m/Z=3

6He

9Li

12Be

15B

18C

Smaller time 

larger v  smaller m

18O + 9Be

Br=2.78Tm

MCP

strip

m/Z=2.66
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Tagging system: tracking capabilities

alpha source image

MCP

strip

PPAC

With 68Ni fragmentation beam last week
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Intensities available from the most recent beams produced 
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Some improvement for 

16C/11Be as I will show

But it is not 

straightforward 

get 100 W 



Intensities available from the most recent produced beams
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16C-10-11Be production with 18O+9Be 

1.5 mm thick 55AMeV           

New quadrupole

triplets and beam line 

upgrading Replacement of old radioprotection faraday 

cups with collimators and optimized 

transport using available diagnostic ( see 

cosentino ) + larger size strip detector

30W

Source 

intensity 

problems 

with CESAR 

- SERSE not 

available



Intensities available from the most recent produced beams
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68Ni 

production 

with 70Zn+9Be 

0.25 mm thick  

40 AMeV

Serse source 

not well 

equipped for 

metals with low 

temperature 

fusion point

Transport more 

complex due to 

different charge 

status of 

isotopes -

many not fully 

stripped ions 

are transported

MCP

Two dipoles

Look what 

happens after 

MCP stripping 

of particles 

with charge 

27+
28+



The EXCYT diagnostic was essential to improve the beam transport efficiency respect 

to previous transports based on Pilot beams A.Amato,..G.Cosentino et al LNS report 2009

Beam diagnostic
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Using 18Ne beam we have studied the excitation and decay of a special state 
that can decay emitting a diproton

SOME RESULTS:  Di-proton
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Other experiments 

Performed with 

hodo-CT:

FLUBBER (F17 

break-up)



Some results : UNSTABLE
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g-ray from 10Be+p10Be*+p



D.Dell’Aquila et al submitted to PRC

Analyzing break-up events of 10Be 
(produced with FRIBS) on plastic target

we have evidence of a possible new state 
at 13.5 MeV – the angular distribution is 

compatible with a jp=6+ missing level of a 
molecular band  

Some results : Unstable going to CLIR
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Some results (last week experiment): PYGMY
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Detection system for the Pygmy experiment

FARCOS detect and identify 68Ni with good energy 

resolution (stopped in the two silicon stages of the 

telescopes) 

The Sphere CsI provide g detection
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Detection system for the Pigmy experiment

FARCOS will detect and identify 68Ni with good 

energy resolution (stopped in the two silicon stages 

of the telescopes) 

simulation

Reality

We mass identify 

isotopes in the region 

of nickel also due to 

the cleaning effect of 

fragment separator

68

66

67
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6He

8He

11Li

14Be

Other possibilities

Another experiment was in program approved by the PAC - but now 

canceled by the collaboration is the 8He production by using a 11B primary 

beam – while with 18O primary beam there is a request for the 14Be study

8He+d - study of 9He 

resonance with 

CHIMERA+FARCOS

Implantation and beta delayed 

decay study of 14Be

By Leuven group 

R. Raabe and G.Randisi
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Future possibilities - MAGNEX
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• TARGET on the axis of the solenoid (Bmax = 5 tesla)

Use SOLE ( the solenoid after MEDEA ) like HELIOS ( Argonne )

HELIOS SCHEME

• Particles emitted follow an elicoidal motion and are focussed on the solenoid axis:   

Tcyc = 2pm/Bqe z = vparTcyc

• Detection with an array of position sensitive silicon with good geometry to avoid beam 

and recoil

We need to measure :

• Impact point z (Dx = 1 mm)

• Elab

• Particle ToF (~ 1 ns)

Homogeneous field ToF = Tcycl

We can extract:

• Particle    m/q

• Ecm

• Qcm

Tcycl =  65.6 * A/qB (ns)   (A  amu, B  Tesla) 

B= 2 Tesla             B = 3 Tesla

Proton                     32.8  (ns)               21.9 (ns)

d, Alpha2+                              65.6  (ns)               43.7 (ns)

tritium                          98.4 (ns)               65.6 (ns)

Future opportunities - SOLE
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What can be studied depend on:

• kinematics

• Maximum field

• Magnet size

Quality depends on:

• Precision of field measurements

• Precision of detection array

Very well suited for direct reactions

Sole model in OPERA
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Study done with some assumtion:

• One proton emitted from target in the 

center of magnet (various angles and 

energies )

Studied:

• z detection point on the axis

• ToF to reach detection point

• Maximum radious of the proton

trajectory as a funtion of E and Qlab

Future possibilities - SOLE

To be evaluated the effect of the angular spread of fragmentation beam

G.Cardella hib@lns 2015



Perspectives
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The cyclotron intensity upgrade and the 

installation of a new fragment separator open 

very interesting perspectives for the use of 

fragmentation beams at LNS

Up to now we limited our self to nuclei relatively near the stability line – a variety 

of beams could be produced profiting of the larger primary beam intensity using 
11B, 12,13C, 16,18O, 20,22Ne and hopefully 36,40Ar  

Larger mass beams cannot profit of the higher intensity - but will profit of the 

bigger efficiency of the new spectrometer, the smallest distance to the detection 

system, the improved sources and beam injection systems in the CS



New needs
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For extremely rare isotopes the tagging system up to now available could be 

performant enough – however for all the other beams we should improve its  

capabilities as time resolution, and maximum count rate

We should improve our beam selection capabilities in order to reduce the total 

rate to a level that can be handled by the tagging system using degraders and 

possibly Wien filters



Chopper - 500

The production of consecutive accelerated bunches with a separation

time of up to 200 ns and a width of 500 ps FWHM, is the goal of this

new chopping beam system. The chopper 500 should cut the present

length of the accelerated beam bunches, delivered from the

superconducting cyclotron, from 1.52 ns to 0.5 ns.

From separation time 20-66 ns
Width of single bunch 1.6-5 ns

 

Chopper-500 cavity

To separation time  200 ns
Width of single bunch 500 ps

Next improvement

From L.Calabretta



Catania, 22 Juin, User meeting
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5 
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Time of flight 

measured

between MCP 

placed 13 mt

before the 

CHIMERA strip 

detector

Next Improvements

The chopper will help to select only 

particles with the same velocity reducing 

the beam contamination and allowing the 

use of the tagging system at even higher 

beam yields 
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Fragmentation beams at LNS is a beautiful opportunity

Conclusions

To fully exploit the opportunities of the CS intensity upgrade we need to invest on 

a second generation fragment separator – effort must be done to allow the use of 

fragmentation beam on different beam lines
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Investment in man power should be done on the maintenance and upgrading of 

the diagnostic systems and of the ion sources

Efforts to improve performances of tagging systems are necessary 
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Experiments to be done – PIGMY with CHIMERA/FARCOS

Reaction 68Ni+12C To 

evidence the 

isoscalar character 

of pigmy resonance

One-day SPES LNS Oct 9th 2013



Future Experiments : symmetry energy

We are waiting for the intensity 

upgrading to perform new 

measurements - using radioactive 

beams - also on reaction dynamics to 

get information on symmetry energy
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Coming Experiments : Neutron transfer on 8He 

One programmed experiment is the 8He+d reaction performed to study the 
9He resonance - production will by done using a 11B primary beam – We 

expect around 2000 particles/sec of beam intensity

6He

8He

11Li

14Be

Preliminary production test 

performed with 18O primary 

beam

M. S. Golovkov et al PHYSICAL REVIEW C 76, 021605(R) (2007)

Reaction studied at Dubna at 25 AMeV

We will increase the beam energy 

searching for higher excitation energy 

structures
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Competition between fusion and 

binary-like reactions as a 

function of N/Z using beams in 

the region of Ar

Isospin physics

One-day SPES LNS Oct 9th 2013



16C+12C

Search for exotic decay 

of 16C

( and the other available 

beams
10,11Be 13B …..)

(Clusters in Light Ion Reactions) 

N. I. Ashwood et al Phys.Rew.C 70, 064607 (2004)

10Be+6He

10Be+4He

Coming Experiments : Break-up study - CLIR
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Improvement of the detection system 

FARCOS 0°

For next experiments we will use FARCOS in configuration around 

0° in order to have a kind of spectrometer to measure the quasi-

projectile – light particles will be detected with CHIMERA using 

kinematical coincidence and beam trajectory measurement we will 

clean from background and extract more accurate excitation 

energies and CM angular distributions
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ΔE-E   Si-Csi 

Charge for particles 

punching trough silicon

ΔE-E

isotopic 

identification up 

to Z=12

PSD – Si  

charge for particles 

stopped in silicon

PSD – CsI

Isotopic identification  

up to BerilliumSi

CsI(Tl)

Z=50

Z=6

Z=10

Z=6

Z=16

The CHIMERA detector : particle identification methods

1192

Dq<1°

Dq=8°
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Experiments to be done – CLIR with CHIMERA/FARCOS

16C+12C

Search for exotic decay of 16C

( and the other available beams
10,11Be 13B …..)

(Custers in Light Ion Reactions) 

One-day SPES LNS Oct 9th 2013



68Ni Beam for the Pigmy experiment

68Ni beam was 

recently produced 

at LNS in the 

framework of the 

TIMESCALEZN 

experiment 

The beam was 

produced via 

fragmentation of 70Zn 

on a 0.25 mm 9Be 

target  at 40 MeV/A

A beam intensity of 

about 2x104 part/sec/ 

100 W primary beam 

was obtained

We also demonstrated that we can clean our beam from not fully stripped 

ions - The mylar foil of the tagging MCP is a stripper foil cleaning most of 

such contaminants – thank to this 68Ni is the most intense beam transported 
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