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CN (Van de Graaff)

TANDEM-XTU - ALPI

AN2000 (Van de Graaff)Management:
- U.S.I.P. (User Selection Panel for Interdisciplinary Physics)
- Machine’s operation: LNL Accelerator Division (SAFI service: 4 people Mo-Fri -24H only authorized

user)
- Scientific Coordinator

- FACILITIES SUPPORTED by  ENSAR2 UE PROJECT
- Convenzione Università Padova –INFN LNL
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34 years ago
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2012
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• Micro and sub-micron beams :
• precision targeting
• Ion microscopy

• Single event :
• Single ion deterministic irradiation / doping

• Applications with reaction products
• Eg.:Neutrons from Be and Li  / energetic protons from D(3He)
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2014
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CN (oper. since1961) AN2000 (oper. 1971)
7 beam lines (1-6MV pulsed/cont, 1H,2H,3He,4He,14N)

 Radiation-Biology (broad beam in air, single ion microbeam in air –
resolution:  ~4-5µm)

 Neutron Production (dosimetry/spectrometry): 
7Li(p,n) 7Be: Q=-1.644 MeV – thin target
7Li(d,n) 8Be: Q=15.031 MeV – thin target
9Be(p,n) 9B: Q=-1.85MeV, – thick target     
9Be(d,n) 10B: Q=4.361MeV – thick target

 Radiation Damage
 Ion Beam Analysis (NRA, EBS, ERDA, IBIL, PIXE, PIGE)
 Nuclear cross section measurements / nuclear (astro)physics

The AN2000 and CN Accelerators for Applied Nuclear and Multi-disciplinary Research

5 beam-lines (0.25-2.2MV 1H,3He,4He)
 Micro-beam (best resolution:  ~2 µm)

 MicroPIXE, microIBICC, microIBIL
 Ion Beam Writing (MEMS)
 Single particle irradiation /doping
 Detectors tests 

 Ion Beam Analysis 
 NRA, RBS, ERD, IBIL
 Ion Channelling

 PIXE
 Archaeology, Cultural Heritage,Environmental

 D(3He,p)4He
 Nuclear (astro)physics

IBA-NRA

SPES_DIAGIPC-8Be

ASIDI
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  Notes  Notes 

Date 1971 HVE 1961 HVE 
 
Accelerator Type 

Van de Graaff, 
with charging 

belt 

Single ended 
accelerator with 

high pressure 
CO2/N2 insulation 

gas 

Van de Graaff, 
with charging 

belt 

Single ended 
accelerator with high 

pressure SF6 based 
mixture insulation gas. 
Originally 5MV then 

upgraded to 7MV 

Structure Horizontal  Vertical  

 
Ion Source 

RF 
(source maximum 
current 250µA 1H+, 

125µA 4He+) 

HVE SO-173 short 
Emittance   <  1.2           

π mm mrad MeV1/2 

RF 
(source maximum 
current 500µA 1H+, 

250µA 4He+) 

HVE SO-173 long 
Emittance < 1.5                           

π mm mrad MeV1/2 

Ions 1H+, (3He+)*, 
4He+ 

*On request 1H+, 2H+, 
(3He+)*, 4He+, 

4He++, (15N++)* 

*On request 

Terminal Voltage 0.3-2.2 MV 0.2MV optional 1.0-6.0 MV 0.8 MV optional / 
(6÷7 MV not reached) 

Shortening Rod YES  YES  

Stabilization GVM, SLIT  GVM, SLIT  4He++ only GVM 

Remote control NO  NO  

Automatic HV 
conditioning 

NO  NO  

Energy calibration YES  (p,γ) reactions Necessary every 
shift when 

changing beam 
and conditions 

(p,γ) reactions, α-EBS 

 
 

PULSED BEAM 

 
 

NO 

  
 

YES 

3MHz with compression  
in the terminal: pulse 
duration about 2ns, beam 
deflection along beam-line 
for lower frequency. 

 

MAIN FEATURES OF AN2000 and CN
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 AN2000 Notes CN Notes 
Analysing magnet YES 90°/60° (NMR) YES 90° (GaussMeter) 

Switching magnet YES On 90° line: -15°, 0°, 
+15°, +30°, +45° 

YES -45°, -30°,-15°, 0°, +15°, 
+30°, +45° 

Beam lines 5  7  

Microprobe YES                 
(~ 2µm size 
minimum) 

Quadrupoles triplet 
“Oxford” type 

NO  

Beam in air NO  YES Thin membrane for 
radiation biology, low 
intensity. 

Single particle YES 1 to 1000 p/s YES ~1000 p/s 

Neutrons NO  YES  

Ion Beam Analysis YES ERD, EBS, NRA, 
PIXE, Channelling 
(PIGE limited by 

maximum energy) 

YES EBS, PIXE, PIGE, NRA 
(ERD and channeling 
difficult) 

Large area uniform 
irradiation 

NO  NO  

Small area uniform 
irradiation  

YES ~3x3mm2 with 
microprobe scan 

NO  

Beam time hours 
(average 2010-2016) 

1540 See fig. 3.2 1150 See fig. 3.4 

Experimental area ~ 300 m2 Incl. acc. footprint ~ 425 m2 Incl. acc. footprint 

Clean room NO  NO  

RH%, 
Temperature  

close loop 

NO  NO  

 

MAIN FEATURES OF AN2000 and CN

Under development
D(3He,p)4He with 
90um silicon 
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158

77 88
62

92

50 43

USERS - LNL Facilities 
(multiple answer was possible)



14Workshop on basic research and interdisciplinary applications with small accelerators - Napoli 17/1/2018             V. Rigato  “MeV ion Beams in applied and…”

USER BEAM TIME REQUEST - U.S.I.P. ASSIGNED BEAM-TIME

CALL Submission 
dead-line Call Period AN+CN 

Assignment

Request 
(days)

USIP 
Assignment 

(days)

Request 
(days)

USIP 
Assignment  

(days)
(days)

(I) MARZO 2011 12-feb-11 April 4- July 2011 96 73 91 62 135
(II) LUGLIO 2011 30-giu-11 October 2011-Feb 2012 130 98 78 63 161
(I) MARZO 2012 15-Feb-12 March-July 2012 117 80 105 63 143
(II) LUGLIO 2012 12-lug-12 October 12-Feb. 2013 112 84 89 76 160

(I) GENNAIO 2013 7-Dic-12 March -July 2013 79 71 79 79 150
(II) LUGLIO 2013 10-giu-13 October 13-Feb 14 105 84 79 73 157

(I) GENNAIO 2014 12-dic-13 March-July 2014 80 69 85 62 131
(I) LUGLIO 2014 10-giu-14 Oct. 14 -March 2015 62 40 94 61 101

(II) GENNAIO 2015 not performed extended to July 2015
(I) LUGLIO 2015 03-giu-15 Oct. 2015-Feb. 2016 68 44 87 65 93

(I) GENNAIO 2016 21-gen-16 March/April to July 2016 64 64 77 51 104

(II) LUGLIO 2016 27-giu-16 October 2016-Feb2017 71 71 47 45 116
(I) FEBBRAIO 2017 25-gen-17 March-September 2017 53 49 33 31 80
(II) OTTOBRE 2017 15 Sett. 2017 Nov2017-April2018 106 71 68 65 136

AN2000 CN

2011-2014
Appr./Req.  

(%)
2011-2018

Appr./Req.  
(%)

195 165
150 76.7% 130 78.8%

175 145
135 77.0% 116 79.7%

Average CN Request/year [days] 
Average USIP assignment/Year

Average AN2000 request / year [days]

Average USIP assignment/year [days]
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Research Groups and Activities at the AN2000 and CN Accelerators

ISI PUBLICATIONS rough estimate ~  80 / year

CN 
EXPERIMENTS / YEAR 14-27

External Institutions 
Univ. Napoli, Modena e Reggio, Padova, Roma3, Trento, Torino; CNR-
Pd, INAF-IASF Bologna, Politecnico Milano, Torino, CEADEN (Cuba), 

Comisión Nacional de Energía Atómica, Argentina; Univ. Seville 
(Spain),Belgian Nuclear Res. Centre SCK-CEN, INFN Catania

AN2000
EXPERIMENTS / YEAR 13-26

External  Institutions
Univ. Bologna, Modena e Reggio, Padova, Trento, Torino, Verona; 

Politecnico di Torino, INRiM (Torino), CNR-IFP (Milano), CIEMAT, CNAM 
(Spain), Nat. Inst Nucl. Phys. Bucharest (Romania), IUAC (India), Lulea 

Univ. of Technology (Sweden), INFN-LASA(Milano)
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 Beam Diagnostics
 Radiation damage
 Nuclear applications (cross sections, nucl. astrophysics ..)
 Neutrons Appl. ( dosimetry, detectors, materials,..) 
 Radiation Biology
 Ion Beam Analysis ( EBS, NRA,PIXE,PIGE,..)
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 PIXE (standard)
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 Micro-Beam (appl. IBW, microPIXE, IBIC, IBIL)

<H>  ~ 1540 h<H>  ~ 1150 h
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Average use of the AN2000 and CN accelerators in the last seven years
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There are two possible upgrade options:

a. replacing the two Van de Graaff accelerators with state of art electrostatic or cascade machines, refurbish 
existing old buildings and infrastructures and purchase new beamline modern experimental setups;  

b. phasing-out both the AN2000 and CN (in due time) to concentrate the efforts on a single new electrostatic 
accelerator facility with the necessary features to feed the foreseen applications and future developments.

Option (a) means doubling infrastructures, accelerators and some beam-lines, fighting against the lack of
dedicated resources and operation staff. Furthermore each facility must be switched off completely for upgrade
and infrastructure dismantling. This will interrupt the research activity for a period of order of one year (or
slightly more) per machine.

Option (b) offers a unique opportunity both from an organization, technical and scientific point of view.
In fact from the technical point of view a single new accelerator with advanced unprecedented features would

be sufficient for carrying out the activity as reported in previous slides and for the future developments,
provided that the accelerator specifications are carefully defined.

From an organization point of view, with modern instrumentation and automated procedures, a more efficient
beam-time usage is foreseen: more users may be satisfied with the same amount of beam-time hours and even
a higher throughput in excess of 3000 hours/year is expected.

Concentrating the resources in a single laboratory will also mitigate the chronic personnel lack, faced in
recent years, for the operation of accelerators: the few operators of the existing two Van de Graaff machines
may be teamed together enlarging the time and quality of service provided.

In addition, the installation of the new accelerator and related instrumentation may be run in parallel with the
activity of the other two, thus minimizing the shut-off time.

NEW ACCELERATORS
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It is expected that the new accelerator will
serve about 10 beam-lines in a new laboratory
with at least 1200 m2.
• 1 nano-probe in clean room (low stray EM fields,

precision ion optics, high-resolution microscopy)

• 1 micro-probe in vacuum in clean room for routine
micro-analyses (certified analysis, existent
beamline)

• 1 total IBA microanalysis low divergence beamline
/ nuclear cross sections measurements (sub-mm
size collimated ion beam)

• 2 high current nuclear cross section
measurements beamline / neutron production

• 1 beamline for cell/tissue irradiation in clean room

• 1 large area uniform irradiation in clean room

• 1 micro-probe in air in clean room (big samples, or
analysis on samples incompatible with high
vacuum - optional)

• 1 beamline for SPES RIB projects in radiation
shielded area (near to single charged SPES low
energy beamline - optional)

• 1 spare for future use (shallow underground
physics…)

THE NEW LABORATORY  (Low Energy Ion Beam Multi-Disciplinary Laboratory)

Accelerator Type

Single ended accelerator 
with high pressure SF6 

insulation .  Cascade type 
preferred.

Tandem accelerators should be ruled 
out for the limitations with Helium 
beams and lack of brilliance for extreme 
vacuum micro and nano probe. 
Electrostatic type may be current limited.

Structure Horizontal or Vertical Budget dependent

Terminal Voltage (TV) 0.1÷ 5.0MV 6MV optional, budget dependent

Ion Source RF or ECR

Ions
1H+, 2H+, 3He+, 4He+, 
4He++,15N++, 14N+(+), 

C+(+),O+(+)

C beams are available only with ECR 
source. Noble gases Ar, Xe optional 
(the maximum mass should be taken 
into account in deflection magnet 
design)

50uA (1H, 4He)
10uA (others)

Beam current (min) 1000 p/s on target at all energies

Shortening Rod YES 

necessary for lowest  energy (0.1 to 
0.35MV) if not differently guaranteed eg.: 
dedicated low energy ion optics in 
terminal

Stabilization GVM  // resistive divider 
chain //SLIT feedback loop

High dispersion magnet + SLIT 
mode preferred

Remote control YES

Automatic High Voltage 
conditioning

YES

Energy Accuracy t.b.d.  ~1 keV or better

TV Ripple (VRMS) 2x10-5 x TV or 30V Whichever is higher 

Beam Energy 
reproducibility 1x10-4 x TV or 50V Whichever is higher

Beam Energy Stability 
(1 hour) 1x10-5 x TV or 30V

Whichever is higher. Measured with ad 
hoc  NRA

Pulsed beam YES
300kHz to about 3MHz, with buncher in 
terminal

Beam Current Stability 
(1 hour) <±5% Without feedback of target current

Servicing Interval >1000 hours At maximum intensity

Annual operation 
capability >7000 hours At maximum intensity

Continuous operation 120 hours Intervention free (for ECR source)

Low emittance, high brightness pre-
requisites.  Optimal beam transmission 
maintained over the entire range.  RF 
source may limit beam species but is 

Beam current (max) on target at all energies

Preliminary specification
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• LNL user research infrastructure counts two MeV VdG Accelerators used for fundamental and applied physics 
and ion beam applications.

• The research activity pioneered in the 80s at LNL with the small VdG Accelerators  is continuing with many 
active projects leaded by national and international reserch teams.

• About 3000 beam-time hours provided to users 

• The CN and AN2000 electrostatic accelerators, although well consolidated in the tradition of the Legnaro 
Laboratories, feel the adverse effects of aging and are becoming less attractive for international programs such as 
those in Horizon 2020 and in many other international multi-disciplinary contexts. 

• The lack of competitiveness causes the loss of joint financed research which is nowadays necessary to foster 
further improvements in innovative research. 

• To preserve and boost the national and international users attraction, the renewal of accelerators, infrastructures 
and instrumentation must be carried out in short time. This will pay back in intellectual property and financial terms 
through multi-partner national and international collaborative research and industrial contracts.

• With the right building infrastructure and instrumentation the new accelerator will feed advanced research 
programs in fundamental and applied research in field such as: 

-) nuclear (astro)physics,
-) nuclear terget characterization and development
-) solid state and surface physics,
-) nanotechnology, quantum devices,
-) certified micro-analysis and irradiation
-) advanced microscopy and modification of materials …..at a top level in Europe.

CONCLUSIONS
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Thank you for the attention !
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