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Scientific activities
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Accelerator equipment for ion beam production
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Superconducting Cyclotron developed beams
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Avalilability of the Superconducting Cyclotron and Tandem beams

In case of full operation of the accelerators the annual availability of the beam time is

Superconducting Cyclotron Tandem
400 BTU =3200 h 350 BTU = 2800 h

Tandem

Nuclear Physics
35%

Nuclear Physics

Catana 90%

25%

All the activities performed with the accelerators are approved by the
LNS Program Advisor Committee



LNS lay-out: accelerators and experimental halls




VIEDEA - SOLE - MACISTE

MACISTE

8 gas -plastic position

sensitive detectors

0<6°

SOLE
Superconducting Solenoid

0°<0<6"

MEDEA
180 BaF, detectors
30°<0 < 180°




GDR in A =110 + 132 nuclei

Reactions: "6Sn + 12C @ 17 and 23 MeV/A

116Sn + 24Mg @ 17 and 23 MeV/A

Incomplete fusion reactions
vy and light charged particles in coincidence
with evaporation pruducts

ToF measurements

Exp. Data
Cascade

. *
E'= 190 MeV ’?
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E, (MeV)

Quenching of GDR at E*¥/A = 2.0 MeV/A
D. Santonocito etal. — PRC 90 (2014) 054603

Dynamic Dipole in A=192 nuclei

Reactions: 4°Ca + 2Sm @ 10A MeV
BCa+ Sm @ 11.1A MeV

Incomplete fusion reactions
vy and light charged particles in coincidence
with evaporation pruducts

ToF measurements

4x10°
3x10°
2x10°

1x10°

d’M,/(dEydQy) (MeV-"sr)

E, (MeV)

Ecpr= 13 MeV

Eq =11 MeV T'yq=3.5 MeV

M, (6,) = (1.0 £ 0.1) 104 y/sr

Epp < Egpr = High deformed system

Sudy of the density behaviour of the symmetry
term in EOS
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The Ciclope scattering chamber
(general purpose vacuum chamber, 4m length, 2m diameter)

» Nuclear Physics
» Tests for large Experimental setup tests
» applications
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is a 4pi detector for charged particles devoted to the study of nuclear reaction at intermediate

~

CHIMERA (CHarged lon Mass and Energy Resolving Array)

energies and operating at Laboratori Nazionali del Sud in Catania

J

CHIMERA
* Equation of State of Asymmetric

nuclear matter

* isospin dependence of the
symmetry energy

* Time scale of particles and cluster
emission

* Isospin dependence of compound
nucleus formation and decay
(ISODEC)

* Use of the FRIBS beam lines:
coupling CHIMERA with the
FARCOS prototype (CLIR [°C] and
PIGMY [®8Ni] experiments (2015)
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FRIBS@LNS: in Flight Radioactive lon Beams
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Production Target:
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Expected *®Ni identification in
FARCOS silicon detectors ;

oo
Time of Flight (au.)

Identification scatter plot of **Ni fragmentation
beam
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Beams developed at FRIBS@LNS

intensity
primary beam beam (kHz/100W) _ )
180 55 AMeV 16C 120 Beams to be delivered in
tting 11B 17C 12
SeEnd e 135 20 2014-2015 to approved
11Be 20 -
Tome = experiments
8Li 20
180 55 AMeV 14B 3
setting 12Be 12Be 5 16C (CHIMERA)
oLi 6
6He 12 .
13C 55AMeV 11Be 50 68Ni (CHIMERA)
setting 11Be 12B 100
36Ar 42 AMeV 37K 100
setting 34Ar 35Ar 70 8He (CH'MERA) new
36Ar 100
37Ar 25
e i 14Be (test experiment) new
35ClI 50
20Ne 35 AMeV 18Ne 50
setting ne18 17F 20 388 (MAGNEX) new
21Na 100
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MAGNEX*EDEN

* Light nuclet structure

* Nuclear astrophysics

* Spectroscopy

* Structute effects on reaction mechanism
* Exotic nuclel

* Isgm
* DCE



Physics case demanding high intensity: double § decay

(simple OvBB mechanism)

136+ : | 134 < H /
Xe /)/_/I-s. X . /)//,. ’
A NANANAL OVBB s
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F. Cappuzzello talk
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Multidisciplinary beam lines at INFN-LNS

Two rooms are available at LNS for multidisciplinary activities irradiations:

« CATANA beam line (clinical proton beams at 62 MeV)
« 0° beam line (protons and light ions up to 80 AMeV)
both equipped with detectors for beam diagnostics and dose monitoring.

Beam lines and experimental
rooms at LNS
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CATANA proton therapy beam line

Modulator &

Ligth Range shifter

field
\ Monitor Scattering

Laser | chambers system
» b v




Total Number of patients > 300
Deaths 6
Metastatis
Other
Eye retention rate 95 %
Surviving 98 %
LOCAL CONTROL 95 %
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The scattering chamber 2000
(2 m diameter)

» Nuclear Physics
» Nuclear Astrophysics
» Applications
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Reaction and nuclear structure studies at the CT 2000 Chamber
Elastic and direct processes studied with_Si telescopes systems like e.g. CLAD.

Elastic excitation functions measured with the|TTIK technique filling the chamber with gas

CLAD 6 highly segmented
Si telescopes
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Fusion excitation functions with the activation technique have been measured. Decay
of the activated foils followed off line in a dedicated lab with lead shielded detectors
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Basic idea:

/ 4 d A onlv b interacts with a

@) = Today, the THM is believed to be the unique
technique which allows one to investigate nuclear
effects in nuclear and astrophysical scenarios.

N ).

(pole approximation) C. Spitaleri et al., PRC 64(2001)068801
C. Spitaleri et al., PRC 69(2004)055806

or




HN(n,p)HC

Interesting for:
v’ s process:

poison in the reaction chain to heavier elements.

v'Nucleosynthetic origin of fluorine: the He-burning shell in AGB
stars is thought to be the most likely site for synthesis of fluorine,
YN (a,v)*BF(B
+)180(p,a)*N(a,y)1°F. The proton captured by 20 are mainly

mainly through the nuclear chain

produced in the *N(n,p)!C reaction

14N+d —»14C+ p+p

L THm
1UN+n —14C+ p

cD,

I < H
The experiment was performed at LNS
(April- May 2015)-Catania, E

beam

14N is very abundant since it is a dominant product
of hydrogen-burning in the CNO cycle == With its relatively high
cross section, the *N(n,p)!C reaction can act as a strong neutron

Cross section (mb)

—— ENDF/B-VE 0
JErr a1
— JENDL4.0

* this work

T

“N(n,p)"'C

< Gibbons* 1859
® Jehnsons 1880
* Koehlars 1909
* Shimar 1996

» Brehm* 1988 (Mew )
* Babat 1905 Maw.)
€ Sanamiv 1987 (Man.)

A |
10
Neutron energy (keV)

Goal: investigation of the energy region
between 0 and 400 keV

Thickness 0 r A6
Detectors | fyum] [deg] | [om) | [deg]
A, (DSSSD) 500 5.0+0.1 80 +1.8
AA (STRIP) 20 5.0+0.1 80 +1.8
B,(DSSSD) 1000 25.0+0.1 25 +5.7
BZ(PSD) 1000 40.0 £ 0.1 25 +5.7

= 40 MeV (1N)




R. D. towards users ...

Research
Division

Scientific Marine
Information Infrastructures
Service Service

Computing
Service

User Service




User Service Personnel: 9

Technical support for

» experimental facilities

> electronics and detectors

» target preparation

> maintenance

>




Computing

Service Personnel: 3

Support for New computing system - 2015

» acquisition systems

» data storage

> wifi connections

> email account
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‘ RAPPORTO SUD

IL PUNTO

Sotto I'albero

i fondi nazionali
e quelli europei
Regione assente

Un emendamento dd Governo alla
Legge di Stabilita prevede 15 milioni per
ciascino dei prossimi tre anni da
destinare all'istituto nazionale di Fisica
nudeare per«sostenere "attivita &
ricerca nes campi della fisica subnudleare,
nudeare & stroparticellares. Non &,
questa I"'unica notiza positva sotto
I"albero dell infn-Lrs: KM3Net, infatti, &
entrato nella roadmap Esfr 2016 -2020
(European strategy forum on research
mlrmn:um) wscehchen!nﬁu

s colak
Mmewﬁl "Infne

CmGemu.uapoi.lhna

L T

[ «fisici bestiali» dell'Infn-Lns
sospesi tra la Sicilia e il mondo

A Portopalo e Catania la ricerca dei segreti del cosmo che arricchisce I'intera Isola

viluppare Km3nex al largo
((s di Portopalo e pocenziare ul-

Terioamente i nostri accele-
ranori per sudiare le caraneristiche &
base de neunrinos.

Giacomo Quone, direttore dei La-
boraori nazionali del Sud dell'lstitum
nazionale di Fisica nucleare, ha ben
chiare le priorica scienxifiche della mac-
chnnnchegu:da.masehpnnuwce
dell'agenda resta la ricerca “pura”, i
mpummns-g:ocaihmd-qusu
grande infrastrumea - che ha base ca-
nleszepuugnolmndnle sono molre-
Pl

«Ndh de europea di

20- spaepnipmfcmom-
hrfnlumnnlompomxnsamml—
ti aspewri, 3 cominciare dal big dara, i
grmducesmd-mlcdodmmmn
solo per I'analisi d emnsmegennmm
ma anche per studiare Fevohwzione &
molti sistemi Si (12 CUl i SisTemi
hobgncuquenn meseorologici, le retie

dari ad akissinma velo-
c:n da crrdnmo passa il fum-
mummmﬂuunpm
nmpomruddﬁnm'oq.unmgmm
La crearura al momento pid coccola-
a allintermo dell'inf-Lns, fa comungue
notare il prof. Quone, si rova nello
nio, 23.500 metri di profondica e
70 chilomenri al largo di Capo Passero,
dowKrrBNuhapodmsemn'lem

i s

nmdmh'eczmmmamn prove-
nieni dallo spazio profondo, stabilire se
a descriverl corretamente sia st
Majorana o Dirac e - SCusare se & poco -

20 emgi?odt ndmﬁt
0. Queski i che proiecano
wro la seziome etnea dellinfn-Lns,
vanmi di decenni rispermo al resto dell'-
sola per credibilica e conoscenza, ma
diewro di anmi, per quano riguarda il
dekﬁmmdr:nmrﬂ:
quesio genere di ricerche, che pure
nomllmdnslﬁ\nnbnknmtfnemnoma
per il terriorio, poiche la ricerca pura
produce alta tecnologia che diventa pa-
trimonio del tessuo industriale locale.
A Carania @ £id Successo e sono n-
merosi i miracoli che riescono a repli-
carsi, anche se non @ sconco che cid
awvenga <Alla Regione - punmualizza a
questo proposito il diretore dell'inf-
Lns- chiediamo di aiutasti in un
50 che loro hanno gid riconoscuo, in
questa grande distribuita

del mare che vede Infn-Lns, Ingv, Cnr,
hl]m'ersm di Catania giocare un ruolo
proagonisa e i amraverso qua
stoe:fondnmmmaidmu;’se
consistente a queste auivitd di r-
g:l; che, ripeto, non sono solo del-
Infn-Lns, ma sono L migliore dimo-
mdnm%mdnmek
Universita possono fare per questa
n.llmg?nmcolxﬁmdm
neo- aggiunge CuITone - & un'occasion?
unica e irripetibile per L crescita del
nostro Paese e sopearmuno della Sicilia. a
partire dai grandi it estimeni in ricer-
Gafarri da infr, Ingv, Cnr e dalle Univer-
sitd sicilianes.
e o it di svily
Infn caranese, sidicava, no
and'-epenlmsmd’ldnfmlnlmt?m
se nellafisica applicara alla medicina e

che nasco-

«Nella strategia
europea Horizon
2020 - spiegail
prof. Cuttone -
I'Infn haun ruolo
importantes

per l'avohwione di nuovi sistemi di pro-
dwione di energia. «Ogni giorno - spie-
g2 Curtone - dimostriamo in mokeplici
campi di essereun'eccellerza inlianae
naruralmente. delhnosmreg»
ne. ma siamo spesso inascoltati e
%mmmm Spe-
i grandi risui ci
loro amenzione anche per roum-
pomrnd!hmmlarmbmhp-
,l'innovazione per una regione come
NOSITA @ COME qUESTD POSSa essere un
volano per un'economia nuova che fac-
cia ripamire ka Sicilia

rumO.

<E foi e - prosegue il peof.
Cumone - continuare 2 sviluppare
Km3Nex e poerziare ulteriormen-
te i postri accelerarori per st

are e istiche di b

se del neurrino, con questi

nale e su queste due ini-
ziarive '@ il fururo scien-
tifico dei nostri labora-
wori.

Non '8 solo questo,
nei Laboratori nmonaﬁcol
Sud, radizionalmente avanzati e
amivi nel campo dell'applicazione della
f:saddlepmnlle aleri campi, in
panicolare nella medicina con la pro-
aterapia Una “voce™ che mon ha in-
comrann Famerzione della Regione, che
inun altro dominio sraegico della sua
amvird, quello della el e gestione dei
beni culturali, porrebbe appeofondire
:gpomdd parimonio di conoscenze
esperienze maturate allincerno del
laboratorio l.mdns affidaro al dor
Francesco Paolo Romano -

nawo dalla
collaborazione con il Cnr.




Marine
Infrastructures

Service

Personnel: 11

Capo Passero: optical fibre link from deep-sea to LNS

INFN is a main partner of
GARR and of the Italian GRID-
computing Infrastructure

Catania Shore Lab

INFN LNS:
Main Data Repository
Catania IGI node

B

9REchs

Capo Passero Shore Lab

Capo Passero is the first KM3NeT site with
direct optical fiber high speed connection INFN Catania is a major site
from deep-sea to a node of the European of the Italian GRID

GRID- computing Infrastructure




“European Nuclear Science
and Applications Research”

The Transnational Access to LNL and LNS - Ensar2

» Consortium Agreement signed!
» Starting date January 1512016 ... ?

» To be eligible to benefit from access to the infrastructure under the grant
agreement, a user group must satisfy the following two conditions:
a) the user group leader and the majority of the users must work in a
institution established in a Member State or Associated State;
b) the user group leader and the majority of the users must work in a
country other than the country(ies) where the legal entity(ies) operating
the infrastructure is(are) established.



TNAO3 - Deliverables e

Person-days | NSDBF = Nuclear Structure and Dynamics Based Facilities
AIPF - Applied and Interdisciplinary Physics Facilities

' NSDBF

\ ’ AIPF Min. quantity of access to be provided

1660 B
— Users
4424 h [/ 4y
204 users / 4y B NSDBF
M AIPF
Projects |
NG 164 P
m NSDBF
52 projects/ 4
b /% AIPF

36 LNS User Meeting — 30t October, 2012 E. Fioretto




LNS towards users

Research
Division

Administration Accelerator
Service Division

Radioprotection
and Safety
Services

Technical
Division




