
Please cite this article in press as: V. Toigo, et al., A substantial step forward in the realization of the ITER HNB system: The ITER NBI Test
Facility, Fusion Eng. Des. (2016), http://dx.doi.org/10.1016/j.fusengdes.2016.11.007

ARTICLE IN PRESSG Model
FUSION-8954; No. of Pages 8

Fusion Engineering and Design xxx (2016) xxx–xxx

Contents lists available at ScienceDirect

Fusion  Engineering  and  Design

jo ur nal home p age: www.elsev ier .com/ locate / fusengdes

A  substantial  step  forward  in  the  realization  of  the  ITER  HNB  system:
The  ITER  NBI  Test  Facility

V.  Toigo a,∗,  R.  Piovan a,  S.  Dal  Bello a,  E.  Gaio a, A.  Luchetta a, R.  Pasqualotto a, P.  Zaccaria a,
M.  Bigi a,  G.  Chitarin a,  D.  Marcuzzi a,  N.  Pomaro a,  G.  Serianni a,  P.  Agostinetti a,
M. Agostini a,  V.  Antoni a,  D.  Aprile a,  C.  Baltador a, M.  Barbisan a, M.  Battistella a,
M. Boldrin a, M.  Brombin a, M.  Dalla  Palma a,  A.  De  Lorenzi a, R.  Delogu a, M.  De  Muri a,
F.  Fellin a,  A.  Ferro a,  C.  Finotti a,  A.  Fiorentin a, G.  Gambetta a, F.  Gnesotto a, L.  Grando a,
P.  Jain a,  A.  Maistrello a, G.  Manduchi a,  N.  Marconato a,  M.  Moresco a,  E.  Ocello a,  M.  Pavei a,
S.  Peruzzo a, N.  Pilan a,  A.  Pimazzoni a,  M.  Recchia a,  A.  Rizzolo a, G.  Rostagni a, E.  Sartori a,
M.  Siragusa a, P.  Sonato a, A.  Sottocornola a,  E.  Spada a, S.  Spagnolo a, M.  Spolaore a,
C.  Taliercio a, M.  Valente a,  P.  Veltri a,  A.  Zamengo a,  B.  Zaniol a, L.  Zanotto a, M.  Zaupa a,
D.  Boilson b,  J.  Graceffa b,  L.  Svensson b,  B  Schunke b,  H.  Decamps b,  M.  Urbani b,
M  Kushwah b,  J  Chareyre b,  M.  Singh b,  T.  Bonicelli c, G.  Agarici c,  A.  Masiello c, F.  Paolucci c,
M.  Simon c,  L  Bailly-Maitre c, E.  Bragulat c,  G.  Gomez c, D.  Gutierrez c,  G.  Mico c,
J.-F.  Moreno c, V.  Pilard c,  M.  Kashiwagi d,  M.  Hanada d,  H.  Tobari d,  K.  Watanabe d,
T.  Maeshima d,  A.  Kojima d,  N.  Umeda d, H.  Yamanaka d, A.  Chakraborty e,  U.  Baruah e,
C.  Rotti e,  H.  Patel e,  M.V.  Nagaraju e,  N.P.  Singh e,  A.  Patel e, H.  Dhola e,  B.  Raval e, U.  Fantz f,
B. Heinemann f, W.  Kraus f,  S.  Hanke g,  V.  Hauer g,  S.  Ochoa g, P.  Blatchford h,  B.  Chuilon h,
Y.  Xue h,  H.P.L.  De  Esch i,  R.  Hemsworth j,  G.  Croci k, G.  Gorini k, M.  Rebai k,  A.  Muraro l,
M.  Cavenago m, M.  D’Arienzo n,  S.  Sandri o

a Consorzio RFX, Corso Stati Uniti 4, 35127 Padova, Italy
b ITER Organization, Route de Vinon sur Verdon, CS 90 046, 13067 St. Paul Lez Durance Cedex, France
c Fusion For Energy, C/o Josep Pla 2, 08019 Barcelona, Spain
d National Institutes for Quantum and Radiological Science and Technology, 801-1 Mukoyama, Naka, Ibaraki-ken, 311-0193, Japan
e Institute for Plasma Research, Nr. Indira Bridge, Bhat Village, Gandhinagar, Gujarat, 382428, India
f IPP, Max-Plank-Institue fur Plasmaphysik, EURATOM Association, D-85748 Garching, Germany
g KIT, Institute for Technical Physics, Eggenstein-Leopoldshafen, Germany
h CCFE, Culham Science Centre, Oxfordshire, United Kingdom
i CEA-Cadarache, IRFM, F-13108 Saint-Paul-lez-Durance, France
j RSH Research Consultants Ltd, 12, Vallon de la Violette, 13820, Ensuès la Redonne, France
k Dipartimento di Fisica “G. Occhialini”, Università di Milano-Bicocca, Milano, Italy
l Istituto di Fisica del Plasma “P. Caldirola”, Milano, Italy
m INFN-LNL, viale dell’Università n. 2, 35020 Legnaro, Italy
n ENEA, National Institute of Ionizing Radiation Metrology, C.R. Casaccia, S. Maria di Galeria, Italy
o ENEA Radiation Protection Institute, Frascati,Roma, Italy

∗ Corresponding author.
E-mail address: vanni.toigo@igi.cnr.it (V. Toigo).

http://dx.doi.org/10.1016/j.fusengdes.2016.11.007
0920-3796/© 2016 Elsevier B.V. All rights reserved.

dx.doi.org/10.1016/j.fusengdes.2016.11.007
dx.doi.org/10.1016/j.fusengdes.2016.11.007
http://www.sciencedirect.com/science/journal/09203796
http://www.elsevier.com/locate/fusengdes
mailto:vanni.toigo@igi.cnr.it
dx.doi.org/10.1016/j.fusengdes.2016.11.007


Please cite this article in press as: V. Toigo, et al., A substantial step forward in the realization of the ITER HNB system: The ITER NBI Test
Facility, Fusion Eng. Des. (2016), http://dx.doi.org/10.1016/j.fusengdes.2016.11.007

ARTICLE IN PRESSG Model
FUSION-8954; No. of Pages 8

2 V. Toigo et al. / Fusion Engineering and Design xxx (2016) xxx–xxx

h  i g  h  l  i  g  h  t  s

• The  ITER  Neutral  Beam  Test  Facility  in  Padova,  Italy:  substantial  progress
achieved.

• The  realization  of  SPIDER,  the  ITER  full-size  negative  ion  source,  is well
advanced.

• Integrated  tests  of Power  Supply  and  preparation  of  SPIDER  operation
starting  now.

• Big  progress  on the  realization  of MITICA  full-scale  prototype  of  ITER
HNB  injector.

• MITICA  operation  planned  to start  in  2021,  depending  on  the  BS  and  BLC
delivery.
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a  b  s  t  r  a  c  t

Substantial  progresses  have  been  achieved  in  the  realization  of  the  ITER  Neutral  Beam  Test  Facility  (NBTF)
hosted  in  Padova,  Italy;  the  buildings,  completed  by  the  end  of  2015,  are being  progressively  filled  with
new  systems  and  components.  The  realization  of  SPIDER,  the ITER  full-size  negative  ion  source,  is  well
advanced  and important  progress  is  also recorded  for MITICA,  the full-scale  prototype  of the ITER  HNB
injector.  The  paper  gives  an overview  of the  achieved  results,  highlighting  the  main  challenges  faced.

© 2016  Elsevier  B.V.  All  rights  reserved.

1. Introduction

The realization of the ITER Neutral Beam Test Facility (NBTF)
and the start of its experimental phase are important tasks of the
fusion roadmap, since the target requirements of injecting to the
plasma a beam of deuterium atoms with a power up to 16.5 MW,
at 1 MeV  of energy and with a pulse length up to 3600 s have never
been reached together before [1]

The ITER NBTF, called PRIMA (Padova Research on ITER Megavolt
Accelerator), is hosted in Padova, Italy. It includes two experiments:
MITICA, the full-scale prototype of the ITER HNB injector, reproduc-
ing the whole geometry, and SPIDER, the full-size Radio Frequency
(RF) negative-ions source [2,3]; the main parameters are summa-
rized in Tables 1 and 2 respectively.

The realization promoted by the ITER organization is car-
ried out with the contribution of the European Union, channeled

Table 1
SPIDER requirements.

Unit H D

Beam energy keV 100 100
Max  beam source pressure Pa 0.3 0.3
Max  deviation from uniformity % ±10 ±10
Extracted current density A/m2 >355 >285
Beam on time s 3600 3600
Co-extracted electron fraction (e−/H−) and (e−/D−) <0.5 <1

Table 2
MITICA requirements.

Unit H D

Beam energy keV 870 1000
Ion  beam current A 49 40
Max  beam source pressure Pa 0.3 0.3
Beamlet divergence mrad ≤7 ≤7
Beam on time s 3600 3600
Co-extracted electron fraction (e−/H−) and (e−/D−) <0.5 <1

through the Joint Undertaking for ITER (F4E), of the Consorzio RFX
which also hosts the Test Facility, the Japanese and the Indian
ITER Domestic Agencies (JADA and INDA) and several European
laboratories, such as IPP-Garching, KIT-Karlsruhe, CCFE-Culham,
CEA-Cadarache.

The earliest start of SPIDER and MITICA experiments is pur-
sued to maximize the fallout in terms of design optimization of
the ITER HNB components and of preparation and then support to
the ITER HNB use, planned during the Third Plasma stage, in 2031.
SPIDER operation is expected to start in Q1 2018, thus several years
of exploitation are planned toward the achievement of the target
parameters of the RF ion source and improvements of its reliabil-
ity and availability. Similar considerations apply also to MITICA,
mainly devoted to optimize accelerator and Beam Line Components
(BLC), which will enter in operation in 2021. Both experiments
should provide key indications before the design of the different
components of the ITER HNB is frozen.

Fig. 1 shows a 3D CAD view of the PRIMA facility.
Substantial progress has been achieved along all the work lines

of the ITER NBTF realization. The paper highlights the main chal-
lenges encountered and gives an overview of the achieved results.

Fig. 1. 3D CAD view of the PRIMA facility.
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