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NS lay-out: accelerators and experimental halls

FRIBS@LNS: in Flight
Radioactive Ion Beams

EXCYT: Exotics at the
Cyclotron and Tandem
ISOL facility



Beams developed at the SuperconductingCyclotron

AX E (MeV/a.m.u.)
H," 62,80
H,* 30,3545
Dt 35,62.80
a0 He 25.80
He-H 10, 21

80 Be 45
70 11C 23.62.80
60 3C 45,55
50 N 62,80
] 160}  21,25,55.62.80
40 150 15,55
30 BF 35,4050
20 W0Ne  20.40.45,62

] HMg 50
10 BAr 16,38
0 WAr 152040

0 20 40 60 80 100 120 140 160 180 200 220 240 ACa 10,25.40,45
HCa 10,45
SNi 16,23,25.30.35.40.45
odNj 2535
S7n 40
Ge 40
BKr 10
sy 10,15.20,25
“Nbh 15,17.23,30.38
n8n 15.5.35.43.5
165n 23,3038
12480 15,25.30.35
] ] 129X 20,21.23.35
Many Beams are unique In LIS

HEPh 10

Energy (Me\ia.m.u.)

Mass (a.m.u.)




Use of the Superconducting Cyclotron and Tandem beams in 2011

£00,00 Cyclotron
500,00 2672 hours
400,00 I 36%
200,00 Nuclear Physics
00,00
100,00
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FRIBS@I.NS: in Flight Radioactive Ion Beams
. -

7 SRR |

Production Target:
1.5, 1.5, 2.5 mm Be

¥ ‘,i

20° beam line - HODO
~ 90% vs. FRIBs station

CHIMERA beam line
~ 50% vs. FRIBs station N



~  FRBS@LNS

Using a primary 807+ beam ( used also as pilot beam to set the Bp of the
dipoles) We have repeated the transport of beams around 'Be performed in
December 2009 to test the increase of production after the upgrading of the

fragmentation beam

16x16 DSSSD 140um (5x5¢cm?) 24x24 DSSSD 62um (2.4x2.4cm?)
%18_"|""|""|_.'|_""|""|"
N i
Wie 2009 ] s ]

] ¢ |[{'° !
14f . ;
12} .
10} B 102 j

8t .
[ Be
6_ ) ]
4f .Li |10
2:,__, e ,:| ',"?5
110 120 130 140 150 160
Time(ns) T (nS)
Yields normalized to 100 W beam (6.3x10%1 p/s)
beam kHz kHz
16C 9 59
13 4.5 37

E~50 MeV/A AP/P <1%



Beams developed at FRIBS@LNS

intensity
primary beam beam (kHz/100W)
180 55MeV/A 16C 120
setting 11Be 17C 12
13B 80
11Be 20
10Be 60
8Li 20
180 55MeV/A 14B 3
setting 12Be 12Be 5
oLi 6
6He 12
13C 55 MeV 11be 50
setting 11Be 12B 100
36Ar 42 MeV 37K 100
setting 34Ar 35Ar 70
36Ar 100
37Ar 25
33Cl 10
34Cl| 50
35CI 50
20Ne 35 MeV 18Ne 50
setting nel8 17F 20
21Na 100

A gain factor around
8 has been found out
thanks to the 2010
upgrading



NEW — MARCH 2012 : ®8Ni production with 7°Zn primary beam
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Production of a =30 A.MeV €8Ni |

2000

1400

beam at LNS (TimeScaleZn test)

NeNEEO T

. We used a 7%Zn'®* (40 A.MeV)
.| primary beam impinging on a 250
| um °Be target. The maximum

intensity obtained for the primary
beam was =300 enA (0.03 kW)

Beams identification was
obtained using the CHIMERA-IFEB
tagging system constituted by a

followed by a Double Side 32x32

1860 1880 1900
Time of Flight (a.u.)

1 large surface MicroChannel plate
-

Silicon Strip Detector (DSSSD)

The production rate was 7 KHz / 30
Watt; reaching 100 Watt of
primary beam current, we could
obtain 2x10* pps rate (Lise++

prediction is 5x10% pps / 0.1 kW)

We verified that contamination due to not
fully stripped ions can be neglected due to the
low probability of charge state 27+ (<10%)
and to the stripping effect of the MCP foil




Main LNS experimental apparata for Nuclear Physics

MAGNEX*EDEN
* Light nuclei structure

* Nuclear astrophysics
* Spectroscopy
* Structure effects on reaction mechanism

CHIMERA

*GDR

*Caloric curve & phase transition
*Multifragmentation

*Isospin dependence of EoS
*Di-proton decay

2011: ENSAR Transnational access



TNAO3 — Activity at LNS up to July 2012 (1 year)

Projects
Users

B NSDBF 6

AIPF v

Person-days

M NSDBF
AIPF

10

6 new u
5 @ NSDBF,

“ NSDBF
AIPF

values) Differences, mainly due to a serious

6 projects TANDEM failure, are expected to be

20 users compensated by the activity planned till
178 Person-days July 2013



TNAOQ3 - To be performed at LNS by July 2013 (only CS)

Projects

3
B NSDBF

4 AIPF

V/

Users

B NSDBF
AIPF
89

13 new us NSDBE
10 @ NSDBF, 3 ﬁ ' e
| 225 ’

Person-days




CONCLUSIONS

LNS can have a key role in the european framework:
*In this decade for stable and RIBs at intermediate energy

L_eading role for Nuclear astrophysics (with FRIBs & Excyt
beams and Troian Horse Methods)

Strong contribution at the development of the European/Int.
projects: ESS, ELI, Eurisol, DAEOALUS

«Advanced applications of Nuclear Physics: Hadronteherapy,
Novel Imaging, Cultural Heritage, Radiobiology.

«An international Research Infrastructure for neutrino
astrophysis and deep see applications (The site for KM3Net).
LNS Is becoming a lab for astrophysics (from KeV

to TeV), never forgetting accelerators &
Interdisciplinary applications .



CHIMERA Detector:

R8I 6=21"

24Gn + “Ni 35 A.MeV
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Very recent results

i el ooty
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FIG. 2. (Color online) For the 124gy 4 S4N§ reaction and wd
M= 6: <N/Z> for charge Z=6 for different bins in the 1q-
rz plane. The dashed contour, projected in the ri-ro plane
gives a schematical selection of the zone with highest Viola F.

deviation rq. ¥

E.DeFilippo et al subm. R S

Phys.Rev.Lett

Observed isospin enrichment of
IMF emitted in the very first steps
of the reactions from the neck
region

Even odd staggrering in nuclear reactions

The CHIMEEA collaboration has pecencly published a paper showing some re=-
sules chimined ac [2X5 The paper shows for the ficst cime the siaggedng on che
even odd weld of the light fmpments smited as 1 functlon of boch thetr proton
{21 and neutron () numbers. The fragmenis wers produced In nuclear reacdons
berween Caloium sotopes, [t 18 wery Lnterssting o nots that the amplinade of the
wagpering depend on the M7 of the colllding syetem. The siaggedng In N 15
larger for lamge W2 of the svstem (48Ca+45 ), while 1t 15 peduced for small W2
(0 a+d0Ca). The staggenng In £ has exaciy che contmry behavior, being langer
for 40 5+40Ca,

[.Lombardo et al Phys. Bev, (O 84 024613 (20115

Isos pin effects in medinum compound nuclei decay ar 10 MeV/A

The first pesules of the [SODELC experiment, pediormed at the INFN-L3E by using
thie CHIMERA detector, were presencsd ar differ=nr Lnterna iomal conferences. The
prancipal alms of this sxperiment 15 1o sudy cthe compecition berween che vadous
disintegration modes of 115134Fa compound mucls producsd in the reactions
THEredZa and B6Krsd8Ca at 10 AMeY, eploring the wospin dependence
of the decay modes of compound roclel and prosiding gucial nfomaclon an
furdameral nuclear quanricies as level densicy, fission barner ar wzcoalty First
results show evident sggenng efects in the & distributions, as well as different
sotopic cormposition and ennchmernt for che reaction products 1o the Two sysoems.



Nuclear Rainbow in 1°0 + Z7A|
elastic scattering
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Nuclear astrophysics:
LNS excellence

A great interest in the scientific community moves to the study of
nuclear reactions of astrophysical interest. The main goal of nuclear
astrophysics is the measurement of cross sections for nuclear reactions
that are crucial for the understanding the evolution of the Universe.
These reactions are involved in different stellar scenarios, from the first
few seconds of the Big Bang which created the seed material for our
universe, through to the present energy generation in our Sun which
keeps us alive.

The LNS experimental activity in nuclear astrophysics is mainly based
on the Trojan Horse Method (THM), which has been developed at
LNS and successfully applied in several reactions. Today the THM is
considered as the unique indirect technigue which allows to overcome
the coulomb field effects - coulomb barrier and electron screening - in
the measurements of nuclear reaction cross sections at the
astrophysical energies (< 100 keV).



The INFN ASFIN EXPERIMENT

¢ Asfin Is the name of the research project that has been approved by
the INFN scientific committee for nuclear physics 15 years ago. Over
the past 10 years the Asfin group has reached a leading role in the
International scientific community, thanks to the important results

obtained through the THM application on several astrophysically
relevant nuclear reactions.

¢ The group has established many international collaborations and has
performed experiments in several laboratories in the world.

¢ The Asfin activity is also confirmed by hundreds of publications,
hundreds of seminars and lessons, tens of invited talks.



ASFIN
2008-2012 publications

Experiments (26) Publications (108), (58) journal, (50) other
1) Rez °He +d > 3He +n +p, 2)Rez S3He+d—>3H +p PLB 2 PRL 2
3)Rez 14N +d 4) ORSAY 24(Mg,3He,n)2 PRC 9
5) FSU 13C + a 6) Notre Dame 170 +d RM P 1
7)Napoli p+d=>p+p+n 8)LNS °Be+p->6Li+a APJ 1 PG 7
9) RIKEN 8F +p > 150 +a 10) LNS 9Be + p -> 8Be +d APJ lett. 2
JPGc 5
11) LNS 19F +p > 160 + a 12) LNS 160 + 12C
NPA 1
13)Rez 3He +p > 3H +p 14)Rez 3He + 170 (ANC) PAN 1
15) Rez 3He + 19F 16) College Station TECSA NPAC 4 MSA'T 4
17) Bucarest %0 + 2C > 2Ne+a+a, 18) Debrecen ©Li + 3He > "Be+d FB 5
(ANC) PASA 1
19) FSU 13C + 6Li > 160 + n + d 20) Rez 170 +3He (ANC) AIP 6
21) College Station TECSA (Il run) 22) CIAE — Pechino 9Be + d N P N EW 1
. PLB 2
23)College Station TECSA (lll run) 24) Rez 80 + 3He (ANC) NC 1
24)25) Debrecen 6Li + 3He (Il run) 26) LNL °F + p NIM 1
other 50
POS 1

A&A 1




ASFIN

New measurement of the B(p,)2Be bare-nucleus S(E) factor via the Trojan horse method L. Lamia et al., JPG 39(2012)015106

0 0

: f %

S 8 =

~ ~ 4
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N 6 N
4

t | g ;

I—+—3 :
. \

1072 10\ 107 10"
E...(MeV) E..(MeV)
THM data + fit

From the comparison between direct data (affected by the electron
screening) and the THM data (without screening effects) it is possible to
extract the electron screening potential.

g
UMM — 472 £ 160 eV




Trojan Horse

The ¥F(p,a)*>0 reaction

ZH n’ 19F abundance depends on the physical conditions in the AGB
stars. The knowledge of the 1°F abundance is very important
for the understanding the AGB evolution.

=
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N
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D

150

First experimental evidence
of resonance in the very

g - = 30~ low energy region where
5 190 > F the direct measurements
2 | = ;
s < 20— are often forbidden.
= E -
o% w B
qbu.? 50 w -
° 101~
C | L | |
% 0.2 0.4 0.6 0.8 1
E.m (MeV)

M. La Cognata et al., The Astrophysical Journal Letters 739, 54 (2011)



EXCYT: the mass separator

LEBI Jafp

exit slit/

l°
2" stage
_stage 3 &
CEC entrance slit g Intermediate slit <

1% stage 2" stafe

\
LEBI exit slit
1% stage entrance slit
C 2" stage

led LEB.I I

—1  pam

Preseparator

exit slit
preseparator

Intermediate
slit 1% stage

HH1

The mass separator system consists of a pre-separator and 2 main stages, the pre-
separator and the first stage being assembled on two 250 kV platforms

(M/AM),,, =180 (pre-separator : 18" magnet and a quadruplet of 4 electrostatic quadrupoles)
(M/AM),, = 2000 (I stage: 2 magnets (77° ,90° )and 2 quadruplets of 4 electrostatic quadrupoles)
(M/AM),,, = 20000 (Il stage: 2 magnets (90° ) and a quadruplet of 4 electrostatic quadrupoles)



First Results with EXCYT
The 2Li(“He,n)!'B reaction in astrophysics

1. Production of A>8 elements during the Big Bang

These elements are observed in the oldest stars. Can their existence be traced back
to the Big Bang?

The candidate reaction chain is

'H(n,1)2H(n,1)°H(H,n)*He(Hy )Ll . V2B(BYC

2. Heavy-element nucleosynthesis in Supernova explosion
r-process: rapid neutron capture on seed nuclei that are made through a-captures

starting with the two reaction chains:

“He(“He n,y)°Be(*He,n) 12C

*He(H,y)"Li(nly)3Li(*He,n)!'B

The latter significantly enhances the production of seed nuclei = constraints on

models for the r-process

Ll



Threshold-less, 4x capture-time measurement of
neutrons from the 2Li(*He,n)!'B reaction at EXCYT

e Start detector: microchannel plate (MCP)
e Stop detector: thermalization counter First Results with EXCYT
d 12 3He tubes > neutrons are detected by means of the *He(n,p)*H reaction

3 capture times (t ™ 100 us) compatible with low intensity beams (<103 pps)

25
T l

T
.‘l>’_ 2 o = cross section
v : dn/dt,,,, = neutron capture yield
S 15 dP,./dt.,, > neutron capture
a : probability
S r D,, = target thickness
5 1 N..,; 2 number of incident nuclei
= | | Q - average detection efficiency
B il — b = background contribution
v 05 DT
- Dy N ok At cape Ao

0 ) W VY VS T G G GRS, GG

GG Gy WS Sy S\ i
0 0,002 0004 0.006 0.008

Neutron capture probability

~—v



First Results with EXCYT _
The 2Li(“*He,n)!!B reaction cross section

1000, S T
800, Z . Factor of 5 discrepancy at r-
. m G process energies solved
I wg s é La Cognata et al., The
Astrophysical Journal Letters
706(2009)251

Recommended rate
La Cognata & Del Zoppo, The

Astrophysical Journal 736(2011)148

LNS results have been selected by A. Coc et al. [The Astrophysical Journal
744(2012)158] to estimate the recommended rate in the frame of a new and

extended nuclear network for Big Bang nucleosynthesis (BBN).
24



“LNS experimental resources upgradining for excellence researches in
Nuclear Astrophysics, with stable and radioactive beams”

The availability at LNS of a system that allows to produce radioactive beams (EXCYT)
togheter with the well-established technique to produce “virtual” neutrons by the Trojan
Horse Method will make our lab as the first laboratory where it is possible to study
reactions between neutrons and instable nuclei, both for Nuclear Astrophysics researches
and Nuclear structure studies and Mechanisms reactions.

This will be possible due to the LNS experimental resources upgrading, supported
essentially by “Premiali” funds, for excellence researches in Nuclear Astrophysics.

The aim of this project is to perform “bare” nucleus cross sections measurements of key
astrophysics reactions in the astrophysics energy range and thermonuclear fusions
reactions that concern the fusion energy production.

For example, to know the 1°B(p,a0)’Be cross section it is crucial to understand the natural B
usability as clean fuel.

On the other hand, the same reaction °B(p,a0)’Be has the peculiarity to present a
resonance at Ex=10keV, that is the same energy of astrophysics interest. To assess the
cross section at this energy is complex because of a “tail” of a resonance under threshold
at the same energy. The 1C spectroscopy studies became crucial to disentangle between
the two different contributions to the resonance and to value correctly the reaction “rate”.

This is an example that shows the strong correlations between
Nuclear structure and Nuclear Astrophysics studies.



It will be possible to perform such measurements, with the
necessary precision, thanks to the upgrading both of the
TANDEM and of the SERSE source, to produce
radioactive beams with the proper intensity necessary for
the Nuclear Astrophysics measurementes proposed.

Moreover, these studies will make use also of the detectors
upgrade, already working at LNS, such as the particles
detector ASTRHO and the magnetic spectrometer
MAGNEX, using also the neutron detector EDEN (MoU
IN2P3 - INFN ). A specific upgrading activity, that exploit
the state-of-the-art thecnology to make Iin the forefront
accelerators and detectors is one of the NUPECC Long
Range Plan 2010 recommendations, to support and to
upgrade the existing facility in the European Laboratories
that can produce beams with some specific features.




*CATANA: first Italian protontherapy facility
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treatment of ocula
More than 330 patients treated

lumour local control ¢

* Expertise in the development and test of detector for
relative and absolute dosimetry
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PATIENTS FOLLOW-UP

350 patients treated (Feb. 2002-Jul 2012)

« 336 uveal melanomas
« 8 conjunctival melanoma
* 6 other malignancies (orbital RMS, non-Hodgkin
Lymphoma, various metastases)

Follow-up on 220 patients: 95% of success

Follow-up: PT Center at Cannizzaro Hosp. In
Catania. Tender in progress (112 M€). INFN is
part of the game having on this item a
dedicatd MoU with Regione Sicilia.

IBA, Varian/Siemens and BEST are running.



LANDIS: Applications of nuclear physics in the field of cultural heritage

The Misurata Treasure (LYBIA)
PIXE-( [patina (3(m)




NEMO and KM3NeT: High energy neutrino astronomy at LNS

ELECTRO-OPTICAL CABLE

|
Connects the shore station
to the Junction Box.
Provides power and collects

data from sensors vertical

T ) OPTICAL
‘ JUNCTION BOX MODULES <"
Distributes power =
and data ‘ |
from and to | e |
shore J VAN
|
? TOWER ¢!

. 16 marine !
[l j aluminumbars |/

’r/ * _ spacedby40m |
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to the seabed |
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Keeps the tower

. protons E>1019 eV (100 Mpc)

v--.;;-_' M

" S —
-VHE v horizon about 10 Mpc

protons E<101° eV

1 parsec (pc) = 3.26 light years (ly)

VHE y: absorbed on dust and radiation
and do not disentagle between lepton and hadron mechanisms
Protons/nuclei: deviated by magnetic fields, interact with radiation (CMB)

Neutrinos will provide unique pieces of
information on the High Energy Universe.
Detection possible by tracking the secondary

muons in a km-cube size array of photosensors in
deep sea waters

20.8 M€(PON Funds) are at
LNS for the realization of 25

towers at LNS-Porto Palo
| ah



Status of the KM3NeT-Italia Project

1998-2012: NEMO R&D, NEMO, ANTARES

2006-2009: Km3Net Consortium Design Study

2009-2012: Km3Net Consortium Preparatory Phase (INFN)
2012-2015: Km3Net Italia (22 M€ funding regione Siciliana and ... B

MIUR) ; R oo
Catania Test Site, 2100 m water depth (25 km) gl

NEMO Phase 1: test of key deep-sea technologies, muon flux reconstructed Longoie
First Cabled node of EMSO: geo-hazard and (bio-)acoustic monitoring :

Capo Passero Km3Net-Italia Site, 3500 m water depth (100 km)
Optimal deep-sea Conditions: site search and monitoring activity
NEMO Phase 2: demostrator for the tower-shape detection unit

20 Detection Units in 2015: the largest telescope in the Northern Hemlspheré"‘ W
Seabed network and GARR-X: An open Science Gateway to deep sea




The Catania Test Site: a multidisciplinary deep sea-lab

LIDO demo mission of ESONET-EMSO: Refurbishment of SN1 and OnDE observatories
Goals: Bioacoustics, ocean monitoring,Tsunami warning.

North Branch (SN1)

4 LBW hydrophones
| 2 LF hydrophones
W | CTD, ADCP,
O 11 J:ﬂ!ﬂi 2 \ : j Seismometers
100 Mbps Internet ' TN | |54 magnetometers
Radio Link oy -) —— R pressure gauges
s o GPS time stamping

South Branch
= - : (Onde2)
LNS Test Site Laboratory » (€ 0 Bl =
at the port of Catania " ¢ B2 —'p  4LBW hydrophones
WL e “x —Underwater GPS timge
stamping

Infrastructure requested by UCL and CSIC for installation of deep-sea stations in 2013



the structure of the ‘NEMO’ tower

Ready for Deployment |
8 floors in Al bars Oct 22-26

8 m length

Vertical distance of the floors =40 m
Total height = 450 m

4 Optical Modules on each floor : 32
OMs

18 hydrophones+ oceanographic
instruments
LED , laser beacon




ELI-Beams and the ELIMED idea

ELI (Extreme Light Infrastructure)

new type of European large scale laser infrastructure specifically
designed to produce the highest peak power (10 PW) and
focused intensity;

ELI-Beamlines .
(Czech Rep.) Romania

X-ray Exotic

sources physics

« Why ELIMED?

— Realization of a facility at ELI-Beamlines, to
demonstrate the clinical applicability of the laser-driven

tomorrow?

1w bearr o

§* -
protons ’ = | =
— Compactness, cost-reduction, new pioneering m S
treatment modalities

-The project we are proposing is related to the preparatory phase of ELIMED
(2013-2015): optimisation of the proton beams, transport, diagnostic dosimetric



ELIMED MoU

|t was born by an idea of FZU of Prague and INFN-LNS
researchers

* A MoU (Memorandum of Understanding) between
INFN-LNS and ELI has been signed and officially started the
activity

INFN §  vooem o men S i e sl e e e

Memorandum of Understanding for a sclentific and technologic r - Mol GM.

collaboration towards medical applications at ELI Beamlines

a Fyzikaini ustay

e A

Between the

Ell-Beamlines, Institute of Physics of AS CR, public o I I - I I e I ld e r i I l

Prague, Crech Republic

And

S e e progress for
ELIMED



European Spallation Source — Lund (Sweden)

ACCELERATORS

Average beam power 5.0 MW 7.5 MW

Macropulse length 2.86 ms 2.86 ms
Repetition rate 14 Hz 14 Hz
Proton energy 2.5 GeV 2.5 GeV
Beam current 50 mA 75 mA
Duty factor 4% 4%

Beam loss rate <1W/m <1W/m

« High power, highly reliable Front Ends

 High intensity light ions Linacs : systems design, beam dynamics,
performance and current projects, reliability issues,

| » Synergies with ongoing and planned projects on accelerator driven systems, ==

transmutation, neutrino factories, HEP injectors, materials science

» Current state of theory and simulation tools,

« Low-energy superconducting structures,

« Beam loss handling and diagnostics
systems for high brightness hadron
accelerators («1 W/m with localized

exceptions)

confronting predictions with experiment,

to be checked: how competitive they are for
energies below 100 MeV...
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Beach"

3. "Off-Resonance
configuration™

2.45-3 GHz operations
60-120 mA of protons
Reliability above 99.9%

Emittance< 0.2 mm mrad
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DAEOALUS: experiment overview

far accelerator mid accelerator near accelerator

(Sr (r r
= S T

40 Mo v beam 40 Me¥ v beam
L=8 km L=2%S km

40 MeVv béam
L=20 Kkm

near: 1.27 Am?*, . L/E ~o0 -> constrains flux
mid: ~ /4 - CPV L-dependence Gd-doped
far: ~ Tf2 => oscillation max H20 detector

Accelerator Complex designed by LNS

Cyclotron T AR
Superconducting Ring
Cyclotron



The scientists of LNS are member of the DAEJALUS
collaboration. The main contribution of our scientists is to design
an accelerator complex based on cyclotron accelerator able to
accelerate the H2+ beam, to deliver proton beam at 800 MeV with
an average power about 2 MW! The injector cyclotron (Emax=60
MeV/n) can be used also to perform the experiment ISODAR to

Investigate thesexfsigpee of sterile neutrinos .
The anomaliesthat T pe published (EAS | |- Ll (#7:29%)

have been observed in on PRL i AR A sleeve
the data from LSND, AN A7
MiniBooNE, short- Proton beam |\#, [ bk, - -
baseline reactor : .
studies, and gallium
source calibration runs, ‘Be target
are often interpreted as surrounded
due to sterile neutrinos by D,O
and have motivated the
development of the FIG. 1: A schematic of the IsoDAR target and surrounding
ISoDAR (IsotopeDecay- volume design. The dots represent “Li (¥, ) creation points,

obtained with 107 protons on target siimulated. The surround-

At-Rest) concept

ing graphite nentron reflector and shielding are not shown,






LNS with their accelerators can have a key role in the
european framework:

At least in the next 5 yrs for stable and RIBs at intermediate
energy NN2015 will be held in Catania

Nuclear astrophysics with Excyt beams and Troian Horse
Methods

Strong contribution at the development of the European
projects: ESS, ELI, Eurisol

Advanced applications of Nuclear Physics: HT,
Radioisotope prod. Cultural Heritage, Radiobiology.
MIT-BEST-LNS MoU for Daedalus




Catana: eye tumours protontherapy facility (10 yrs after)

proton beam

camera
dose monitor s S X-ray camera
——fixation light protons
S Rwo s,
N Wi l“". ‘-'-"-..
i, LR e
~. B N ikl
e 4 v .. el B MV
| [ ‘ 1 p X rays
A S i s
> 4 > v ) . T
j fast
: neutrons
Tantalum clip ] 5., 0
| collimator depth in tissue
tumour

range shifter and modulator

Figure 6: Principle of the irradiation The range shifter and the modu-
lator wheel are represented by the range modulator.

2002: 750 h 23 patiets
2003: 600 h 34 patients

2004: 350 h 19 patients

2005: 420 h 16 patients
2006: 492 h 31 patients
2007: 197 h 18 patients
2008: 290 h 32 patients
2009: 330 h 15 patients
2010: 220 h 19 patients
2011: 360 h 25 patients
2012 2600 h 45 patients
Total : 277 patients

5 sessions on

average per year




13C(180,160)15C at 84 MeV
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Study of two-neutron transfer mechanism
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