Fisica dei Neutroni a n_ TOF
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Research fields

Accelerator Reactor
» Subcritical mode (65 -100 MWL)
(600 MeV - 4 mA proton) + Critical mode (~100 MWh)
Multipurpose
Flexible
Irradiation -
Facility > Lead-Bismuth

coolant

Nuclear Astrophysics

v Nucleosynthesis of
heavy elements

v’ Stellar evolution
v’ Big bang
nucleosynthesis

Nuclear technology and medical
application related to:

v’ Fission reactors (Gen-IV, ADS)
v Fusion

v Neutron Imaging

v Transmutation of nuclear waste
v Neutron capture therapy
(adrotherapy)
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Basic Nuclear Physics

v Nuclear structure
effects on fission

v’ Excited states (spin
parity of resonances)




@n_TOF facility (so far)

The features of the n_TOF facility are related to the PS proton beam:

high energy, high current, low duty cycle.
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@n_TOF facility (so far)

The features of the n_TOF facility are related to the PS proton beam:

high energy, high current, low duty cycle.
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@ n_TOF facility (2021)

Irradiation area few meters away from the neutron spallation target

Activation, Radiation to electronics, Imaging, Dosimetry, ....

Neutron fluence in the nTOF target area. |
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I MC simulation of n TOF source
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Beam characterization

3 different
detectors
based on 3
neutron
standards

SiMon
Neutron
beam [ )
SLi

MGAS

Energy deposited [eV]

M. Barbagallo,, et al., Eur. Phys. J. A 49 (2013) 156

FELERIMELL |

T IIII]I'

s e Al dl 113
S e wsnull DTS D Y

10 10° 10° 10°
Neutron energy [eV]

65 cm

10°

dN
"dInE

10

Neutrons per pulse

PTB

: "

n —— 2014 - Evaluated flux *-‘M%

L i

B — 2016 - SIMON b

. [] 1 I ‘

-/

_7/. saauul | sl ol 1l ol 1 aaanul AN RTIT
10" 1 10 10? 10° 10* 10°

Neutron energy (eV)




135,157Gd(n, y) Proposal (INFN) in close
“burnable neutron poison™ collaboration with ENEA
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Neutron poison

155,157Gd(n, Y)

BNCT

Average cancer
cell is about
10 um in diameter.

element | weight capture o (barns)
’ fraction reaction |at25 meV Neutron

H ~ 10% *H(n,y’H 0.322

N ~3% | “N(np*c | 18 (0.48 MeV)
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ﬁ\ —_— (1.49 MeV)
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Neutron poison

cross section (b)
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Neutron poison
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Measurement of 233U(n, v)

PHY SICAL REVIEW C95, 034604 (2017)
18y7 at the CERN n_TOF facility in the enersy

Neutron capture cross section measurement of
region from 1 eV to 700 keV
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n_ TOF 1/3 - past

Phase 1: 2001 — 2004 (EAR1)

Nuclear Astrophysics
Nuclear technology

Capture (n, y)

151Sm '!'

204,206,207,208Pb

209Bj

232Th '!’

24,25,26Mg

90,91,92,94,96Zr
v

93Zr iy

139La

186,187,18805

197Au
233,234 o9
237Np, 240Pu %

243Am '!'

Fission (n, f)

233,234,235,236,238 )

232
209}5? !
237Np ' ’

241,243Am, 245Cm
natpb

12 isotopes (10 radioactive)

26 isotopes (8 radioactive)




n TOF 2/3 - present

Phase 2: 2009- 2012 (EAR1)
Phase 3: 2014-2018 (EAR1+EAR2)

Capture (n, y)
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30 isotopes (14 radioactive)

Reaction (n, o) e (n, p)

’Be, 2°Al v

33
12C
Fission (n, f)
STEFF, 231Pa,238Py




| _
’ ‘ -

pallation
Target

¥ o 4
'.NI




n TOF collaboration

BARC - Mumbai, India
CEA - Saclay, Francia
CERN - Geneva, Svizzera
CIEMAT - Madrid, Spagna
ENEA - Bologna, Italia
IFIC - Valencia, Spagna
IFIN — Bucharest, Romania
INFN, Italia

IPNO - Orsay, Francia

IST - Lisbon, Portogallo
JAEA - Tokyo, Giappone
JINR - Dubna, Russia

JRC - Geel, Belgio

KIT - Karlsruhe, Germania
NTUA - Athens, Grecia
PSI - Villingen, Svizzera

PTB - Braunschweig, Germania

m

TIOT - Tokyo, Giappone

UBAS - Basel, Svizzera

UCAN - Canberra, Australia
UEDB - Edinburgh, Regno Unito
UGF - Frankfurt, Germania
UGRAN - Granada, Spagna

UIG - loannina, Grecia

ULP - Lodz, Polonia

UMAN - Manchester, Regno Unito
UPC - Barcelona, SPagna

UPRG - Prague, Repubblica ceca
USC - Santiago, Spagna

USE - Sevilla, Spagna

UVIE - Vienna, Austria

UYRK - York, Regno Unito

UZAG - Zagreb, Croazia



