(iNFr

Istituto Nazionale di Fisica Nuclears

Review and Current Status of the 70 MeV. &
High Intensity Proton Cyclotronat LNL

MAR'O MAGG'ORE ON BEHALF OF LNL CYCLOTRON TEAM

,,,,,,
SIS



INFN

&—.. Laboratori NazionalidiLe

Istituto Nazionale di Fisica
Nucleare - Laboratori Nazionali di
Legnaro

3 recensioni

Istituto di ricerca

Viale dell'Universita, 2, 35020 Legnaro PD

InLinfn.it

Aperto adesso: 08:30-12,14-17 v

Rivendica questa attivitd

LA < NCRYal IR -]

an GIorgio
in Bosco Trebaseleghe

Camposampiero

Mogliano

Veneto
Piazzola

sul Brenta {5513
Campedarsego

Limena

En

Vigonza

E70 ]

Padova

-
Abano Terme Istituto Nazionale

~ di Fisica Nucleare...
Montegrotte
Terme

Piove di Sacco

Conselve

Tribana

Pozzonovo

M. Maggiore, Cyclotrons 2019, Cape Town (South Africa), 22-27 Sept 2019

Venezia

Chioggia

gnaro -INFN

i et iy
Ny
S MILANO BICOCC! ) igklssre

v BRESC)
TORING

™, ALESSANDRIA

) BOLOGNA
GENOVA CNAF (¥

\-?'/— \\‘ FIRENZE k\,\
| st -

y

TORVERGATA LN
EUMA}

PERUGIA
L

\

NGS

Y

LaQUItR,

F

S

"\ NAPOLL
o, SALERNO
S

Cavallino

BARI™___




INFN

Istituto Nazionale di Fisica Nuclears

M. Maggiore, Cyclotrons 2019, Cape Town (South Africa), 22-27 Sept 2019



SPES
ﬁ SRS
IN FN exotic beams for science\

" SPES: Selective Production of Exotic Species

Second generation ISOL facility for nuclear

Flagship of INFN on Nuclear Physics and Astrophysics Research physics:  Production & re-acceleration of
exotic beams. Neutron—-rich ions from p-induced

Fission on UCx (10%2 f/s), 10 MeV/amu

It consists of 4 phases:

driver accelerator (p or d)

* Alpha: Cyclotron (proton beam driver) and High Intensity Beam Delivering

production target
* Beta: RIBs production and Physics at Low and High Energy (Re-acceleration) & (- w tonsource
* Gamma: R&D on Radioisotope for Medical Application (LARAMED project,) \\"’\l

\ high resolution
mass separ ator

Delta: Neutron sources generation and Applications

Construction phase started in 2010 with Cyclotron and in 2012 with the
dedicated building

post
acceleration

Completion of SPES Project (Alpha and Beta) is expected in 2023
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stituto Nazionale di Fisica Nucleare ALPI BUILDING
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CYCLOTORM BUILDING

X and B phases

TANDEM BUILDING

* Cyclotron and beamline completed and ¢ Charge Breeder ready for commissioning
operational with stable beam

* ISOL target on test stand * New RFQ injector under construction

* HRMS and beam cooler under
construction

M. Maggiore, Cyclotrons 2019, Cape Town (South Africa), 22-27 Sept 2019

* ALPl upgrade is carrying on
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* Charge Breeder ready for commissioning
with stable beam

* New RFQ injector under construction

* ALPl upgrade is carrying on
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* Charge Breeder ready for commissioning
with stable beam

* New RFQ injector under construction

* ALPl upgrade is carrying on
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Charge Breeder ready for commissioning
with stable beam

New RFQ injector under construction

» ALPI upgrade is carrying on
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- High Intensity Proton Beam Facility for SPES

* Up to g irradiation target

* 2 ISOL target stations (A6,
A4)

3 Shielded bunkers (RI
#1,#2,#3) for High
Intensity irradiation

* 4 medium and low
intensity target areas (AS,
A9, A15)
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- High Intensity Proton Beam Facility for SPES

Production and research on radioisotopes for medical
application (LARAMED project)

* Up to g irradiation target

* 2 ISOL target stations (A6,
A4)

3 Shielded bunkers (RI
#1,#2,#3) for High
Intensity irradiation

* 4 medium and low
intensity target areas (AS,
A9, A15)
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- High Intensity Proton Beam Facility for SPES

Production and research on radioisotopes for medical

W,

1,7.,

|

| application (LARAMED project)
|

|

e
Neutron  ::
sources and g
other
applications -
(NEPIR)
K

—
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~1:7 Production of radioactive beams (ISOL targets)

* Up to g irradiation target

* 2 ISOL target stations (A6,
A4)

3 Shielded bunkers (RI
#1,#2,#3) for High
Intensity irradiation

* 4 medium and low
intensity target areas (AS,
A9, A15)




(iNFr

===~ The 70 MeV Cyclotron

Vacuum system = 4 cryopumps = 5 x 10°8 torr (beam OFF)

M. Maggiore, Cyclotrons 2019, Cape Town (South Africa), 22-27 Sept 2019

Accelerator type

Particle
Energy range

Max Current Intensity

Extraction

Max Magnetic Field

RF System

lon Source

Dimensions

Cyclotron AVF with 4 sectors,
Resistive Magnet

Protons (H- accelerated)
35-70 MeV

700 A (variable within the
range 1uA-700uA)

Dual stripping extraction
1.6T(Bo=1T)

nr. 2 delta cavities; harmonic
mode=4; f o =56 MHz; 70 kV
peak voltage; 5o kW RF power
(2 RF amplifiers)

Multi-cusp volume H- source; |,
=8mA; V,.=40 kV; axial
injection

®=4.5 m, h=2 m, W=190 tons




@ Cyclotron story: it began in 2010 (contract signed with Best Ther.)

Istituto Nazionale di Fisica Nuclears

 2011-2014 Study,
2% " Design,Construction
and factory tests
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Istituto Nazionale di Fisica Nuclears

. 2011-2014 Study,
« 222 Design,Construction
! and factory tests

2015
Installation at LNL
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@ Cyclotron story: it began in 2010 (contract signed with Best Ther.)

Istituto Nazionale di Fisica Nuclears

. 2011-2014 Study,
== = Design,Construction
' ! and factory tests

2015
Installation at LNL

2016
First beam and
commissioning
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Cyclotron story: it began in 2010 (contract signed with Best Ther.)

e PR 5011-2014 Study,
= §'§§?= = = % Design,Construction
: ! and factory tests

2015
Installation at LNL

= 2016

- o .

UL Firstbeamand
.. commissioning

e 2017

Site Acceptance
Test and supply
delivered

2018
INFN operation

VR Maggiore, Cyclotrons 2019, Cape Town (South Africa), 22-27 Sept 2019 10
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Endurance test

] 1 < vb 5 @ (3531 0 W) :
. I SA wu R : —— e —
FI na S T 12:00 21/06 00:30 22/06 11:05 25/06 08:09 27/06 08:30 29/0

. 220117:30 19/06 start test loss of comm CCS 8:30 23/06 restar test
* 5 days operation 24h |

* 200 A and 40 MeV (SPES mow Mﬁ I\ WN W’m r WWW

1 srs failure AT 12:44 24/06 06/50 26/06 21:47 28/06
target beam parameter) . —_— ili‘iiﬁ‘iem srs falure v power supply s ||| | e spark
] “ | | i - | 11:17 22/06 failure manual restart
1 +I15 mtervent\an
interventions by the ‘
ope rator ]

* Automatic procedure to
restore the beam after any
trip due to accidental
sparks (inflector, ion

e Limited number of HV 1S cable falls |
source, RF)

Test passed successfully

in June 2017 and FAT
concluded

M. Maggiore, Cyclotrons 2019, Cape Town (South Africa), 22-27 Sept 2019 11
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Total acquisition time: 5 days

The total beam uptime is: 4.5 days of 5.0 days.
The total beam uptime is: 9o.7 % of total time

Duration of Up time (s)

The average value of current is: 201.17 + 0.97 HA
There are: 108 beam trips (~ 1 trip/hr average)

Length of Up time ranges Histogram of Down time ranges duration

20 30
Number of Tripe time ranges
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Beam trips source

* HV ion source sparks = automatic beam recovery - fastest (< 1 sec)
—> almost 50% of total beam trips (this issue has been improved by
cleaning the IS electrodes)

* HV inflector sparks = automatic beam recovery = it needs 5 sec
because of open/close injection gate valve and infout beam stopper
—> <10% of total beam trips

* RF cavity sparks = automatic beam recovery = it needs 5 sec
because of open/close injection gate valve and infout beam stopper
—> almost 40% of total beam trips

M. Maggiore, Cyclotrons 2019, Cape Town (South Africa), 22-27 Sept 2019
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——mm Neutron dose-rate during endurance test:

stripper performance

Stripper change

0
19/06/2017 20:00:00 21/06/2017 22/06/2017 231062017 24{06/2017 2500612017
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26/06/2017

200 pA @ 40 MeV

Stripper change

2T/esi2017

28/06/2017

22/06/2017
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C"™N  High intensity beam operation
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C™N  High intensity beam operation
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=== |ntensity ramp-up—> beam stability improvements

CA Trend
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Beam transport at high current (;0o0pA @70 MeV)
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Beam transport at high current (;0o0pA @70 MeV)
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Beam losses monitoring by the Radiation Survey System

70 MeV 100 pA thru BL1to BD
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Beam losses monitoring by the Radiation Survey System
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== Radiation Survey Overview

MISURA RATEO

di DOSE (uSv/h) del 04/04/2018

fondo misurato: 0.05-0.1 uSvih
STRUMENTO TELETECTOR PROBE 6150

$PRESHEET{Fing}

$PRPSHEET:{Descrizione}

B ;;H-FSI—EFI'(H.‘.SE"MEK e Disegn024 A3
e — =
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Diagnostics and beam optics check

TRACEWIN beam optics calculation
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s Diagnostics and beam optics check

Wire scanner

TRACEWIN beam optics calculation

Fast BCM . ]
vacuum e . e /
valve 5 £ o : i : it
204
Extraction <0 W
BHM baffles 0 5 10 . 15 20
40
'“. % - iz 0 200 300 400 5. - -
s, Wire scanner i Vi ‘ |
EI = S AN VN I
D Beam Halo Monitor 4 sectors (BHM) 5] 3 : ;
[_] Beam Current Monitor (BCM) o
O Beam Halo Monitor P iEe — o
0 5 LDP i 15 20
= BCM
Cacl
/4 e’
‘.



(iNFr

Istituto Nazionale di Fisica Nuclears

Diagnostics and beam optics check

Wire scanner
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& Diagnostics and beam optics check
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TRACEWIN beam optics calculation
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Beam operations: preliminary considerations

High power beam is delivered with good reproducibility and satisfactory
stability. Very demanding for operators to transport more than 20 kW of
beam power. More time for training to gain experience is needed!!

Dual extraction allows to spill from one extraction port up to 20 nA (lowest
limit) of current beam (extracting 5 pA from the other side) = very precise
and accurate radial mechanical movement of stripper foil (um step motor)

Good agreement with the beam optic calculation done with Tracewin code
—> good matching with determination of beam size at different points along
the beamline

Very good feedback from neutron monitors to optimize the transport of the
beam by keeping low the losses

M. Maggiore, Cyclotrons 2019, Cape Town (South Africa), 22-27 Sept 2019
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~ Cyclotron team activity: maintenance

* Cryopumps and He gas lines and
compressors

* RF power amplifier #2 retuning

* Vacuum gauges calibration

Cyclotron hydraulic system purge and

oil replacing

Control System bugs fixing

H2 gas circuit to be connected to the IS

DI package resin to be replaced

-+ IScleaning

lic system maint

3 M. Maggiore, Cyclotrons 2019, Cape Town (South Africa), 22-27 Sept 2019 22



Cyclotron team activity (cont'd)

ISOL2 and LARAMED beamline installation
(BEST Theratr.)

= aCckK dlldgnmen

Cooling system and cryogenics lines

Electrical power and signals cabling

Emittance measurements setup
preparation

New beam

wire scanner

019, ?re Town (South Africa), 22-27 Sept 2019
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New upgrade Cyclotron systems

Iris diaphragm (6 sectors) aperture

* New skids for water cooling of beamlines, cyclotron,

RF system, activated FCs and collimators E 1 - Compact Design
; X i - - 2 - Water Cooled
* Collimator with variable size shall be installed along 3 - Single actuator

the IL to control the average beam current extracted 4 - Remote controlled
from the cyclotron - Easy Replacement

* Buncher system is under study

Materials: Copper (cooled), Graphite (not Cooled).
Processing: Machined (Both), Sintering (Graphite), 3D Printing (Copper)

* New high power beam dump for cyclotron tests

4. Design of the Beam Dumper 6. Activation and residual dose rate calculations

of 70 MeV

1t of 750 pA




Extension plan of high intensity facility

Actual Installation:
Cyclotron and BL1, BL2
lines

M. Maggiore, Cyclotrons 2019, Cape Town (South Africa), 22-27 Sept 2019
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Actual Installation:
Cyclotron and BL1, BL2
lines

LARAMED (high power
beam: 30-70 MeV, 10UA):
Installation expected in
2020

M. Maggiore, Cyclotrons 2019, Cape Town (South Africa), 22-27 Sept 2019



Extension plan of high intensity facility

Actual Installation:
Cyclotron and BL1, BL2
lines

LARAMED (high power
beam: 30-70 MeV, 10UA):
Installation expected in
2020

ISOL 2 beamline
Installation expected by
December 2019
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M. Maggiore, Cyclotrons 2019, Cape Town (South Africa), 22-27 Sept 2019

Actual Installation:
Cyclotron and BL1, BL2
lines

LARAMED (high power
beam: 30-70 MeV, 10UA):
Installation expected in
2020

ISOL 2 beamline
Installation expected by
December 2019

LARAMED (low power:
30-70 MeV, 200 nA):
beamline BL3c under

design, tender by
December 2019,
installation in 2021




CINFN Conclusions

* The high intensity facility whose core is the cyclotron is now operational at LNL:
* The commissioning of cyclotron supplied by BEST was accomplished out in 2017.

* Beam operations were done in 2018 by INFN staff in order to test the capability and full performance

of the machine.

* The machine achieved 500 pA (35kW) and only a small vacuum leak of Beam Dump
occurred at high power did not allow to overcome that limit. Anyway tests show very
good performance in terms of vacuum level, acceleration efficiency and transmission as
well.

In May 2018, the cyclotron was turned off to allow the installation of SPES equipment

and proceed with the completion of the facility (new control access system, plants

upgrading). Two ancillary projects for applications of high intensity beam are carrying
~  on: LARAMED is under installation and NEPIR under final design evaluation.

"+ The re-start of operations at low energy (1MeV) is expected by the end of 2019, and full
energy beam operation by mid of 2020.

M. Maggiore, Cyclotrons 2019, Cape Town (South Africa), 22-27 Sept 2019
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