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%I Al T § . Two 45° dipoles of the beam
{ : line do the fragment selection
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The 2010 upgrading of LNS Fragmentation
beam

New quadrupole triplets to better focus

the primary beam before the target and

collect the radioactive beams produced
after target

"\
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The EXCYT dlagnostlc was essentlal to improve the beam transport efficiency respect
to previous transports based on Pilot beams A .Amato,. .G.Cosentino et al LNS report 2009

Fig. 2. Beam particle counter, based on a plastic Fig. 3. PSSD mounted in a pneumatic actuator. The g 4. profiles.of ¢ EXCYT, @ ,.,.d,
scintillator coupled to a photomultiplier. mask made by brass is 2mm thick. One- d ay S a 'L:Ng r@@f trﬂu
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Other Improvements done

Radioprotection Safety Collimators: ¢=30 mm
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We replaced the radioprotection safety collimators using new faraday
cups —this will give a larger transport efficiency with a further intensity
gain (will be quantified during next CLIR experiment using *C beam)
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Next improvement

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




Next improvements

The new extraction beam line today ol
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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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| A fragmentation beam is
: I generally a mixed beam and

5 many efforts are devoted to
10 improve its purity

E‘\\\\‘ ,-\ “

B ot T T
.~ Inour case we decided to
107 begin with a more simple
approach — to identify event
by event all beam nuclei
performing many experiments
at the same time

The tagging system is
therefore of fundamental
iImportance




Tagging system: flow c
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| cannot change too much the beam characteristics if | want to use it

| cannot stop the beam
in the tagging detector
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‘ | What can | use for AE?
i,

ST
Double side Silicon strip detector =5

Two main advantages:
From the position of the
strip | can also get the XY
Image of the beam

Many strips can sustain a
larger rate than a single
detector




ystem: flow chart' II'-" RE-timing

| cannot stop the beam
in the tagging detector




Tagging system :

| cannot stop the beam
in the tagging detector
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Tagging system: layout

Another DSSSD to
measure trajectory




= 9beam
-
_ N

DSSSD-tag DSSS
strip
Ystrl

1

Production and transport test: ;
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It is possible to produce a very
beautiful beam on target — with very

small divergence
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Production and transport test: beam NLE=1EN

We will use for the trajectory measurement a multiwire gas
detector developed by the Exotic group for their LNL
radioactive beam

s

Some pictures showing the tests
performed by I.Lombardo and
collaborators at Napoli
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Intensities available from the most recent beams producea -

intensity
primary beam beam (kHz/100W)
180 55MeV/A 16C 120
setting 11Be 17C 12
13B 80
11Be 20
08¢ o New beams to be used during
180 55MeV/A 14B 3 2014
setting 12Be 12Be 5
oLi 6
GHe 12 8He (CHIMERA)
13C 55 MeV 11be 50
setting 11Be 12B 100
36Ar 42 MeV 37K 100 14 :
~oting A | 35Ar = Be (test e_xperl_ment)
36Ar 100 collaboration with Leuven
37Ar 25
33Cl 10
34C| 50 38
e = S (Magnex)
20Ne 35 MeV 18Ne 50
setting ne18 17F 20
21Na 100

e L B BRE < oot o 2013



RAGMENTATION BEAMS: The first result- Di-proton

Lo o

sing 18Nle beam we have studied the excitation and decay of a special state
that can decay emitting a diproton

i 1 - b ] !
- ! . 3 - u 40 - s T T L M T -3
[ 5002 "
A y ’ - - © week codi 35 - ‘ 5152 ‘.NG 272 F+p
PRL 100, 192503 (2008) PHYSICAL REVIEW LETTERS 16 MAY 2008 - Ne > 042
N . 4 " 185\ - . 30 C 61517
Experimental Evidence of “He Decay from '*Ne Excited States | . 3
G. Raciti,” G. Cardella, M. De Napoli, E. Rapisarda, F. Amorini, and C. Sfieati p 25 :_ 7.08 (17,2
Dipartimente di Fisica ¢ Astronomia, Univeryita of Catania Via S. Sofia 64, 195123, Catanii, Ttaly < o
INFN—Sezione di Catanle. Via S. Sofia 64. 105123, Catania, ltaly 3 20 1
(Reveived 21 December 2007; pablishes 15 May 2008) S " M 7.01 (1”29
Two-proton decisy from "*Ne excited states has been studied by complete kinenatical reconstruction of 15 E L ‘ 8.5
the decay products. The "*Ne nucleos has beon produced as s radicactive beam by *Ne primary progectile o ™ Y
fragmentation of 45 AMeV inchdent eocegy on o Be target. The "Ne at 33 AMeV incident energy bas been 3 y - 10.7
excited via Conlomb excitation on u *Ph target. The obtained results biguously show that the 10+ . e 12.5
g seeads through o *He diproton resonance (115 ) and democratic - o
foranching ratio has been dedoced from relative angle asd o

~60
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“Be+p —> "“Be+p (56.3 AMeV)
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Kinematical coincidence method in transfer reactions

L. Acosta®, F. Amorini ®, L Auditore?, 1. Berceanu ", G. Cardella®*, M.B. Chatterjiee', E. De Filippo®,
L. Francalanza %<, R. Glani ™, L. Grassi **, A. Grzeszezuk/, E, La Guidara®®, G. Lanzalone ™, | Lombardo ™,
D. Loria®, T. Minniti4, EV. Pagano®™, M. Papa®, S. Pirrone?, G. Politi *%, A. Pop", F. Porto ™, F. Rizzo™*,

"~ E Rosato’, P Russotto®<, S. Santoro®, A. Trifird %, M. Trimarchi®, G. Verde®, M. Vigilante'
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PHYSICAL REVIEW C 00, 004600 (2012)

Effects of neutron richness on the behavior of nuclear systems at intermediate energies

e, G. Cardella.” G. Giuliani,>* I. Lombardo.** M. Papa.> L. Acosta,' C. Agodi,'! F. Amorini,! A. Anzalone,' L. Auditore,’
- I Berceanu.® S. Cavallaro,'* M. B. Chatterjee,’ E. De Filippo.? E. Geraci,> L. Grassi,>> J. Han,' E. La Guidara,>’ D. Loria,>
G. Lanzalone,"® C. Maiolino.! T. Minniti,” A. Pagano.” S. Pirrone.” G. Politi,>* F. Porto,'* F. Rizzo."* P. Russotto, "
S. Santoro,” A. Trifird,” M. Trimarchi,”> G. Verde,? and M. Vigilante*

— o Competition between fusion and
binary-like reactions as a
~ function of N/Z using beams in
& the region of Ar
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(S to be done - MAGNEX

The GREEN Experiment

LNS- PAC response: Priority A- Spokespersons: M. De Napoli,
ALL the 52 BTU assigned ! C. Agodi, ECappuzzello

FRIBS@LNS I Measure of the ISGMR in the *S exotic nucleus I

Beam CD, talz’geg
=S @ 21 AMeV Fangient ek . :

vl —— B

38 excitation energy spectrum
and anqular distributions

around 0°in MAGNEX

&

Complete reconstruction of the
deuteron momentum vetor

measured at small angles  \

CouraMeV
~EEBEERRE

& sy g s One-day SPES LNS Oct 9th 2



resonance in 8Ni nuclei

Spokes: G.Cardella, The search for population and decay of the Pigmy resenance was pamcular stressedin
E.G.Lanza the lastyears especially due to the results obtained with neutron rich nuclei at GSI. The
e interestwas high also because its sensitivity to the symmetry term of the nuclear
for the ") equation of state - A recent revue can be foundin Progress in Particle and Nuclear
EXOCHIM collaboration g Physics 70(2013)210 by D. Savran, T. Aumann, A. Zilges

Experiments at GSI were performedusing 28n | .
and®Ni — The resonance was excited by virtual | ”'R e~ PN W |
photons generated bythe Coulombfield ofheavy | S | Segm— e 3 /\ , 1
target nuclei, so probing its isovector response L ey g |
function £ H, '
g ’\11 ¥
Ni N ':‘:N: Ni 8 >

30 12 14 16 18 20 [}
E [MeV]

dB(E 1 ok

SCHI EZM changingthe field of last
TIME dipoles

expenment

#Nj isthe mostintense beamtransported
In our systemwe can infact clean quite well
not fully strippedions that could be a source
of intense background
The mylar foil of the taggingMCP is a
stripperfoil cleaning mostofsuch
contaminants

m.’e fm w:v'» (e tm’ Mev')
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o o
O~y T
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The bea £ Zao0k be excited also using
The need of new ‘ :
m;‘e::lsg::g;:d \;laofggrf:r g %20 X isoscalar probes
response ofthe E (MeV)
D’Qe"":ﬂeﬁt‘»;‘“aﬂnﬁe A beam iTRETTSTy U7 go0GT : i
well match wi - 2x10* part/sec/ 100 W primary . .

e recent beamwas obtained Reaction %8Ni+C To
e Exainipies cllons 27+ | R evidence the
beamsinthe strippedto 28+ bythe =%

J MCP mylarfoil ob d =
framework of the Rl e g iIsoscalar character

of pigmy resonance
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Experiments to

> Fo 1Y .
Clusters in nuclei with large n-excess

Self-conjugated nuclei > cluster effectin GS (as *Be) and in ES (as Hoyle state) (C us t ers in L I g h t I on ReaCt on S)
-> role of quastetting in nuclei > unveiled from the existence of rotational bands =

CHAIN STATES OF CARBEN ISOTOPES

o
i [ Cnepears]

effects > also influence of o B sudiiad 8 "f"- L S
pairing in covalent neutrons
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= Neutron-rich light isotopes > L% % % % % Useful tool to do spectroscopy with RIBs
g‘ cluster effect leading to nuclear 1000 000 000w 00O OO |
= molecules > covalence bonding o - OO0 @ B
W g W Wi § e e | e
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16C+12C
Search for exotic decay of 16C

(and the other available beams
10.11Be 13B .....)



Other test experim nir

Another experiment in program approved by the PAC is the 8He production
by using a B primary beam — while with 180 primary beam there is a
— request for the “Be study

~ Implantation and beta delayed
decay study of *“Be
By Leuven group
R. Raabe and G.Randisi .

Side view of a FARCOS telescope

8He+d - study of °He
resonance with
CHIMERA+FARCOS

Tmw o ——



Conclusions

“*I hope | was able to convince you that at LNS we
S have now enough intense intermediate energy
- radioactive beams that can be used for various kind
e of experiments

- ’

S

*We already did various experiments and we are |

. ( -
.
A R

planning new ones both on structure and reaction
mechanisms

7 "
LS

*Fragmentation beams at LNS and SPES are
complementary beams we can do very good physics
using them
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