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POTLNS Project goal

POTLNS Project final goal is increasing the Laboratori Nazionali del Sud beams
offer to Users, by increasing of two order of magnitude the beam current with
respect to the previous one.

In particular such increase will apply for beam energies between 15 and 70
MeV/amu and for ions having atomic mass below 40
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Previous limits

Till the beginning of the refurbishment, the beam was extracted from the CS by an
electrostatic deflector

The Superconducting Cyclotron, in its previous configuration, would have been capable of
satisfying two out of three parameters required by the physics cases previously mentioned

It is, in fact, perfectly capable of accelerating the required ions to the specified energies

Due to the poor efficiency of the extraction method previously in use (electrostatic deflection)
the beam current is limited

Increasing the extracted beam current by using the same extraction method would have the
double effect of overheating the deflector and activating it beyond the limits of handling

Likewise, the radiation protection systems (shielding) previously available were also sized for
the available beam currents
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How to overcome the previous limits

To overcome the limit imposed by the electrostatic deflection, it was decided to change the extraction strategy and use a
stripping extraction system. This forced the following major changes to be made on the CS:

v’ Replacement of the superconducting magnet, due to the modification of the penetrations to be made through the
cryostat;

v’ Replacement of the liners to increase the height of the acceleration chamber. Action required to reduce beam losses;
v’ Installation of a stripping extraction system;
v’ Installation of new magnetic channels to allow the focusing of the beam in the extraction channel;

v’ Installation of a new beam line to allow extraction on a different angle from the one used for extraction with electrostatic
deflection;

As a corollary to this, a series of interventions are necessary on the machine to guarantee its functioning:
v’ Replacement of the central ring iron, due to changes to the penetrations;
v’ Improved efficiency of the axial injection system;

v’ Installation of a chopper along the axial line which guarantees the regulation of the beam intensity during the beam
production operations;
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What is besides required to get the full goal

Besides the changes on the CS, some other infrastructural changes are required:
v'Modify and improve the beam lines

v New beam lines

v New line magnets

v'New magnet vacuum chambers

v Improved beam diagnostic devices
v New vacuum systems

v'Increase the shielding thickness
v'"New beam stopper
v Improved water chilling plant
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POTLNS Project Breakdown Structure

POTLNS

(PBS 1000)

BENI TRASVERSALI
(PBS 1400)

Ciclotrone
Superconduttore

(PBS 1100)

FRAISE
(PBS 1200)

MAGNEX

(PBS 1300)
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SUPERCONDUTTORE

Magnete

super(ci?g;i)uttivo 5.025.180 €

Liner (1102)

845.460 €

Dee (1103) 85.400 €
Canal(im)az%netici 122.000 €
Movimentazioni 115.600 €

SRLSLAUCDN 1.044.625 €
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Linea c%'heg%azione 1.117.600 €

Convertitori Trim

Coil (1108) 816.200 €

Sistemi di ]
pompaggio

. Sistema di
misurazione campo
magnetico 841 k€
Sistema di
movimentazione
polo superiore

Sistema di

compressione elio

Linea FRAISE (1201)

Schermature FRAISE
(1202

Target FRAISE

Subprojects

3.219.200 €
666.000 €

}150 k€

Linea MAGNEX (1301) 2.026.000 €

Frossui O 1.127.300 €
Convertitori
MAGNEX (1303) 519.000 €

Pozzo di
SEIMET(KIAY 21,900 €

Camera di scattering
AGNEX

50 k€

Target FRAISE

z
m

Monitor radiazioni
(1403

Impianto acqualll
stralcio

Sistemadi
compressione aria

II

Sistema di
distribuzione energia
FRAISE/MAGNEX

Sensori di sicurezza
linee di fascio

Controllo accessi
sale sperimentali

Elettronica
diagnostica linee

Acquisizione e

trattamento dati

diagnostica

DIEWLENHEN(E{M 735.400 €
BTl 1.472.600 €

03) 421.000 €

2.732 k€
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Laboratori Nazionali del Sud
before and after POTLNS
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Project timeline

Dedline at Deadli
Project the Deadline eaaune Deadline Deadline
start beginning | extension Il extension Il extension IV extension
14/06/2019 1370272022 1370672022 13/06/2023 15/02/2024 15/06/2025

| extention Il extension 11l extension
26/03/2021 11/03/2022 23/05/2023
+6 mesi +10 mesi +6 mesi

Why have we gotten such project span extension from the Sponsor (Ministry)?
v' Some worldwide issues (pandemic, raw materials shortening, wars)

v Giving maximum diligence demonstration by:
»very early purchase orders placing

»extremely tight progress checking and reporting to Sponsor

UNIONE EUROPEA @ P O N

Fondo Sociale Europeo Mt A Wbt S Gazione p@(/% Mario Salvatore MUSUMECI- Coordinatore Scientifico POTLNS

Sentim Suropen s lgppalegona s + bl Hiuerea Maric Subvatore MUSUMELY, Project Scientific Coordinator




ORs areas

Mew—>10n

/ F S L “
S » Y
] ' (3 e
4 Lr7 //@

{TA NDEM

>
— ) ) ———
" n — iy Mg
e e i R bt - |
[ ol R " & T 5 —
" . |_"\\_ T 1 e =
| ‘Hi{u_ | AN, i = o Wy
| T o A T

A

UNIONE EUROPEA //mg;// PO N pT [/[ /S

)V RICERCA
" INNOVAZION!
Fondo Europeo di Sviluppo Regionale ol Tiionsitiy e ol Foton - one

Mario Sabvatore MUSUMECY, Project Scientific Coordinator



OR 1100

. EXISTING
LINE

Achromatic
Waist

L& LA

L |
gm”J

il

|

|

FC-QU

UNIONE EUROPEA Menistors dd

Fondo Europeo di Sviluppo Regionale Lt Yiversite

DESCRIZIONE COSTO K€
1100 OR: CICLOTRONE SUPERCONDUTTORE 9.143.900,00 €
1101 Magnete superconduttivo 5.026.400,00 €
1102 Liner 793.000,00 €
1103 DEE 85.400,00 €
1104 Canali magnetici 122.000,00 €
1105 Movimentazioni 115.800,00 €
1106 Stripper 1.067.500,00 €
1107 Linea di estrazione 1.117.600,00 €
1108 Convertitori TC 816.200,00 €
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From the electrostatic deflection to stripping

Deflectors
Stripper
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Extraction by stripping

High efficiency extraction => beam current increasing

Gtraction by stripping is based on the change$
the magnetic rigidity of the accelerated ion,

whereas the ions charge state increases by
passing through a thin graphite sheet.

Extraction by stripping has an efficiency higher

&han 99% /

Extraction channel by electrostatic deflector

Extraction channel by stripping
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Stripping extraction system, new extraction channel
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Superconductive magnet Special Tender (sorry for italian)

A S G Atto GE n. 11760 del 12.07.2018 - CIG 7589078149
“Fornitura e installazione di un magnete s.c. per il

Ciclotrone Superconduttore dei LNS"

Titolo Documento no. Rew. |Pag |Di
Title: Document no. Rew. Page of
RELAZIONE DI CALCOLO MAGNETICO PER S-21806/DOC-C g) 0 21|
MAGNETE SENZA FERRO: FF_bobina Ajtro Identificativo no. Rev.

(SU3.1 J Cner identification no. Rew.

3.4 Conclusioni circa la correlazione stabilita campolcorrente

La risoluzione di campo di mezzo Gauss richiesta a Capitolato Tecnico risulta sufficientemente
indipendente dal valore di corrente del punto di lavoro, con le ipotesi illustrate nel paragrafo 3.3.

La risoluzione richiesta & quindi ottenibile lavorando con delle correnti di Form Factor tali da soddisfare:

o Factor ALFA> 638.558 (AL « La massima deviazione del Form Factor della bobina ALFA, pari al 0.045%

I Form Factor BETA > 336.06 [Al. « Lo scarto medio di progetto della bobina ALFA, pari a 0.00031

* La massima deviazione del Form Factor della bobina BETA, pari al 0.0408%
* Lo scarto medio di progetto della bobina BETA, pari a 0.000247

4, Conclusioni

Il documento illusira:

+ La geometria a freddo della bobina ALFA
+ Lageometria a freddo della bobina BETA
+ La comente minima delle bobine ALFA e BETA per rispettare i requisiti di stabilita di campo
+ La comente di Form Factor della bobina ALFA, pari a 725.400 [A]

+ La comente di Form Factor della bobina BETA, paria a 343.374 [A]

» | La massima deviazione del Form Factor della bobina ALFA, pari al 0.045%
» | Lo scarto medio di pregetto della bohina ALFA, paria 0.00031

+ | La massima deviazione del Form Factor della bobina BETA, pari al 0.0408%
+ | Lo scarto medio di progetto della bobina BETA, pari a 0.000247

I modelli .sat delle bobine sono presenti come allegati al presente documento nei seguenti files allegafi:

FF_bohina_file sat
FF_bobinaALFA_file sat
FF_bohinaBETA_file.sat

In aggiunta ai files richiesti sono fomniti anche i seguenti files .cond delle bobine ALFA e BETA:
FF_magneteALFA_file.cond
FF_magneteBETA_file.cond
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Superconductive magnet, additional measurements to get the performance

Room temperature magnetic mapping

* Single coils to correlate geometrical reference points with the magnetic field actual shape
e Alfa pair measured since 15th june 2023 till 15th september 2023
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Accurate machining to meet the required coils positioning accuracy

The measurment performed on the coils has been used to machine the middle steel part in
order to get the final goal

ASSE CICLOTRONE

+ 658.8 (nominale) +657.7 3 -11
Beta 2
teorica
+445.8 (nominale) +446.1 4 103
Spessore anello: 5.1 (nom —  sass0 4 -08
max: 64.3 [- 0.8) I — 4383.6 4 +2.9
min; 61.4 (- 3.7) +380.7 (nominale) +381.8 4 +10
Alfa 2
teorica
+ inal 066 4+ +31
Spessore anello: 3.5 (nom) 93.5 (nominale) 947 4 +12

max: 96.6 (+ 3.1)
min: 94.7 (+1.2) PIANQ MEDIANO

Spessore anello: 93.5 (nom

max: 94.6 (+ 1.1) 034 4 so01
min: 83.4 (-0.1) -93.5 (nominale) -946 ¥ 11 4
ﬁ_' OPPFO A94 5G
Alfa1
teorica =
-380.7 (nominale) -3798 4 09
Spessore anello: 65.1 (nom| —————————— -3813 § -06
max: 67.7 (+ 2.6) I 65.1 (nominale)
min: 64.7 (- 0.4] - 446 -
04) - 445.8 (nominale) 4475 i _ 2?-;
Beta 1
teorica
- 658.8 (nominale) -6583 4 105

- 660.2 vy -4
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Current magnet assembling status
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INFN Superconductive magnet timeline

Istituto Nazionale di Fisica Nucleare

2 2014 2 2015 2 2016 2 2017 B 2018 2 2019

TDR (MIT) FEASIBILITY STUDY (ASG) PRE TENDERING START PRE TENDERING END TENDERING START TENDERING END

7 2020 - 2021 (enD) B 2022 (enD) W 2023 (miDDLE) 2024 2| 2025 (BEGINNING)

CONSTRUCTION START TECHNICAL ISSUES AGREMENT ON MAJOR CONTRACTUAL CONSTRUCTION DELIVERY
POPED UP TECHINCAL ISSUES ADJUSTMENT
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Stripper positioning system

_Port for electrical connections

Extractor Components

' Portfor 5
\ )
Usable area ', : ; mechanical

- [for extraction | BEtiaton
‘\{_xtractnr

Flexible Actuator

Flexible Actuator
Extractor - Internal Assembly

Mechanical diconnect
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Stripper positioning system

Limit switches

End Plate with Handle Foil Cartridge

Rotating Shafts

Actuator
Connection

Lead screw

Top Plate Gear Insulator

Extractor Base Plate fFall in
extraction
position

Gripper

fingers

release cam

Flexture springs

Dastacs Dlxss

arm maotion

ol Holder
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Stripper positioning system
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Upper Liner

Accurate mock-up of the pole has been machined, in order
to maximize the accuracy of a such tricky items
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Upper Liner
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Upper Liner

Post machining/welding measurements have been
performed to
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Upper Liner

— . Good fitting with the pole, small
=== 2djustements (0,2mm) on the central area
W4 to fit with the plug

i
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Lower Liner

Despite all the cautions have been taken, some clashes of
the lower liner the pole have been detected during the
deployment on the pole

The issue has been addressed

Several accurate further measurements and mapping have been performed on the liner and a
way to safely and quickly fix it has been identified

The liner, once adjusted, shall be delivered to LNS within the end of november
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OR 1200-1300
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COD. PBS DESCRIZIONE COSTO K€
1300 OR: MAGNEX 3.694.200,00 €
OD. PBS DESCRIZIONE COSTO K€ 1301 Linee MAGNEX 2.026.000,00 €
3.885.200,00 € 1302 Convertitori MAGNEX 519.000,00 €
1201 Linea FRAISE 3.219.200,00 € 1303 Pozzo di spegnimento 21.900,00 €
1202 Schermature FRAISE 666.000,00 € 1304 Schermature MAGNEX 1.127.300,00 €
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Civil works for new shieldings
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Civil works for new shielding (2021)
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New Shieldings under construction (2022/23)
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Beam lines

New extraction line CS-Stripping

FRAISE beamline

start of New
EXIT Tine
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Beam lines

MAGNEX beam line
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OR 1400 (2021)

Chiller: Old setup
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Chiller: New setup (2022)

PN p@T {115
B one d AV Mario Sabvatore MUSUMECY, Project Scientific Coordinator

UNIONE EUROPEA

Fondo Europeo di Sviluppo Regionale




Chiller: New setup (2022) 4
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Latest (got on Friday afternoon) Magnet schedule received by ASG

- = = i o lmlalal o e e lo e lulolalal o P e L Lo lu ol u ool el i ls la lala e T e wlml o o la Lo Ll ol o o e lwlululolololalal e e lallalolalalala
v CATANA PLANNING Wed28/12/22  Frie/08/25 632 days
|| Approwvigionamento anelli centrali Wed 28/12/22  Thu01/02/24 287 days
| MONTAGGIO Fri 02/02/24 Th 05/12/28 215 days
Assemblaggio sezione centrale Wed 28/02/24  Wed 24/07/24 108 days
Montaggio Bobine Fri 02/02/24 Mon 08/04/24 a7 days
i ™ Riapertura e Montaggio Sezione centrale ODP Thu25/07/24  Mon 0S/08/24 7,5 days —_—
Montaggic HeV Mon 05/08(24  Tue20/10/24 56,5 days
Allinesmento bobine supsriori (Afs 2 = Beta 2), verifics dimensionsle d esecuzione testhMon 05/08/24  Mon02/09/24 30 15,5 days o
Serraggia spintari bobine superiori & check finall mire globall anelli e babine Tue03/09/24  WedOafosf2s 32 2days )
Assemblagzo bus bar Thuos/os/24 wedllfoyf2a 33 5 days 7
Assemblaggio circuita di pre-caoling Thul2/os/24  Thut2fos/d 34 Lday il
Installaziene senseri Fri 13/09/24 Wed 25/09/24 35 9 days 1
I Montaggio e saldsturs camera s ke inferiare Thu26/09/24  Wed02fiof24 36 5days !
=B Montaggio & saldstura camera s te superiore Wed02/10/24  Wed09/10/24 37 5days o s bl
[= @ Controllo ultrasonaro Wed 09/10/24 Tue 15/10/24 38 Adays Lo ———
- Carica mallz a tazza e saldatura coperchia di chiusura Wed18/10/24  Tue22/10f24 39 5 days o
Controllo ultrasanara Wed23/10/20  Thu24/10/24 40 2days !
Applicazione superisalamenta Fri 25/10/24 Fri 25/10/24 at 1day J'T‘"'"‘"“""
Callauda da vuoto preliminare Camers He + caratterizzazions cold mass Men28/10/24  Tue29/10/24 42 2days
Montaggio TS Wed 30/10/24  Wed D6/11/24 5,5 days
Montagglo TS INF ODP Wed30/10/24  Frin1/11/2a 2,5 days
Wed30/10/24  Thu3l/iofaa 43 1,5 days 1
applicazions superisolzments & sensor| Thu3lfiofe  Frioy11f2e % Lelay
Montagglo TS SUP 0DF Fri 01/11/24 Tue 05/11/28 2days 1—'
Montaggio e brasatura Fri01/11/24 Monoaj1ifza 47 1dzy 1
Apglicaziane superisolamenta & sensar| Mon04/11/24  Tues/1/24 49 Lday |
Prove su brasature TueDS/11/24  Wed08/11/20 50 Lazy 1
Montaggio W Wed 06/11/24  Thu0/12/24 21,5 days L
Montagsio W esterna inferiare Wed08/11/24  Thui/11/24 51 1day 1
Montaggio virala intems ThuO7/1y/24  Friog/11f28 53 1dzy 1
Montaggio VW esterna superiore Fri 08/11/24 Monllilf2e 54 Lday L
c sezions centrale = saldaturs) Men11/11/24  Men1811/24 55 5 days 1
Montaggio tiranti assiall fsuperiori ed inferiari) e trasferimento massa ai tiranti Mon18/11/24  Tuel9/it/24 56 Lday 1
Montaggio tiranti radiali Tee19/11/24  Tuel9/itja 57 05 days b
Tensionamento tiranti Wed2011/24  Thu2i/1/24 58 2days 1
Montaggio e saldaturs cannacchiali Thu2l/iy24  Men2sfiif2s 58 2days i
c canatt utenze <1, He, N, sensari) Tue26/11/24  Wed27/11/24 60 2days !
Chiusura W Wed27/11/24  Thu2e/11/24 6L Lday e
Leak test Fri 29/11/24 Mon02/12/24 62 2days 1
p 2 a1 FAT e setup) Tue03/12/24  Thuos/12/24 63 3days |
Callaudo Preliminare (FAT) Thu0S/12/24  Tue25/02/25 53 days T
Collaudo da vuoto ThuOs/12/24  Frily1af2a & 8 edays
Prova PED Moni8/12/24  Thu19/12/24 €6 4days _t
Verifiche strumentaziane Men18/12/24  Men18/12/24 €& 1day l
Centraggio camers He con caratterizzszions tirantl & mire otiche Fri 20/12/24 Tue24/12/4 67 3days
Coaldawn (pre-rafireddamenta cryamech + Elio) + Verifica funz. Scherma Thul6/0N/25  TueO4/02/25 695417 daldedays
Riposizianamenta camera He sul piana mediana dop coaldown Tue04/02/25  Wed0sf2/25 70 Leday
Energizzazions babine Wed05/02/25  Fri07/02/25 i 2edays
Misure magnetiche + Verfica consume Lhe Fri 07/02/25 Monlofo2f2s 72 3 edays
Warm up Men10/02/25  Tue2s/02/25 73 15 edays
TRASPORTO PRESSO LNS Tue25/02/25  Mon 10/03/25 9days
Incassamenta Tue25/02/25  Fri2sf0af2s i Idays
Trasporta via nave Fri 28/02/25 Fri 07/03/25 7 7 edays cee o . - - B R Rt -— -
Traspara intemo LKS Fri 07/03/25 Mon10/03/25 77 3 edays
INSTALLAZIONE Mon 10/63/55  Sat 18/04/25 29 days TRASPORTO PRESSO LNS Tue 25/02/25 Mon 10/03/25
INSTALLAZIONE MAGNETE (ASG) Mon 10/03/25  Sun 06/04/25 19 days .
Pasizionaments nel giogo Mon10/03/25  Thu 13/03/25 7 Jedays Incassamento Tue 25/02/25 Fri 28/02/25 74
Installszicne anello superiare Thul3/03/25  Frila/03f2s 8 Leday . . .
Insatasione pola suparire FIAIES  Snigeys & 2edes Trasporto via nave Fri 28/02/25 Fri 07/03/25 76
Installzzicne sistema sollevamenta polo superiare Sn 180325 Sun23/03/25 &3 Tedays " -
Montaggio terza elevazions del soppalco Sun 23/03/25 Mon24/03/25 84 Leday Trasporto interno LNS Fri 07/03/25 Mon 10/03/25 77
Montaggio quarta elevazione del sappalca Mon24/03/25  Man3l03/2s 85 7edays
Individuaziane centra del ferra Men31/03/25  ThuG3/oa/2s 88 25 edays
Allinesmento ed installazions ThuO3/04/25  Sun08/04/25 & 375 edays
CONNESSIONI (LNS] Sun06/04/25  Sun 130425 Sdays
Conness. Linea slettr, wioto, <ria SN 06045 Sun1304/25 88 625 edays
CONNESSIONI (ASG) sun13/04/25  Sat19/04/2s Sdays
sistema Raffreddamenta Azate S 130425 Wedlsfo/2s %0 3edays
Collegam/passaggio cavi strumentaz di conteollo (40m) Wed18/04/25  Sat19/04/25 92 3edays
COLLAUIDO FINALE [SAT) Sat19/04/25  FriDg/0s/25 3 days
SAT A CARICO DI ASG Sat19/04/25  Tue29/08/25 6days
Misure dimensionall ¢ collauda da vuota Sat 19/04/25 Fri 25/04/25 9 Gedays
Verfica slettrica Fri 25/04/25 Mon28/04/25 96 3edays
Verifica strumentazione elettrica Mon28/04/25  Tue29/0af2s 97 Leday
SAT A CARICO DI LNS Tue29/04/25  FriDg/08/25 28 days
Cooidown Tue 29/04/25  Sat24/05/25 % 25 edays
Verfica funzienamento Scherme Sat 24/05/25 Sun 25/08/25 100 Leday
Ripasizionamenta contenitars dele bobine sul piana medians dopo cooldown Sun25/05/25  Thu29/05/25 101 dedays
Enrgizzazione con babine centrate Thu20/05/25  Sat31/05/25 102 2edays
Spastamento Babine 2mm Sat 31/05/25 Sun 01/06/25 103 Leday
Enrgirzations con bobine spostate 2mm S OLDEZS  Mon02/06/25 104 Ledsy
Centraggic magnete Men02/08/25  WedOa/oB/25 105 2edays
Verifica consumi Lhe 1=90% + Consumi LN Wed04/05/25  Wed04/0B/25 106 0dsys
Verifiche consumi Lhe & LN  velocita rump-up A Wed04/05/25  Fri 0806125 107 2edays




POTLNS final steps

March 2025
Superconductive Magnet delivery @ LNS

November 2024
Lower liner delivery @ LNS

| December 2025 '
End of beam line magnet delivery @ June 2025 ) o
LNS End of Superconductive Magnet commissioning

End of the POTLNS project
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Conclusions

» Most of the sub project have been completed
» Tre subproject are still under finalization
v' Lower Liner, shall be delivered within the end of November
v' FRAISE and Beam Dump beam line currently being deployed, end
espected by January 2025
v' Superconductive Magnet delivery scheduled by march 2025



Thanks for your time ©

PN p@T {5
B one d i Mario Sabvatore MUSUMECY, Project Scientific Coordinator

UNIONE EUROPEA Ministore detl' Kdrasione,
Fondo Europeo di Sviluppo Regionale AN T Aty Rcorea ~ A e - aeas




	Diapositiva numero 1
	Diapositiva numero 2
	Diapositiva numero 3
	POTLNS Project goal
	Previous limits
	How to overcome the previous limits
	What is besides required to get the full goal
	Diapositiva numero 8
	Diapositiva numero 9
	Diapositiva numero 10
	Diapositiva numero 11
	Diapositiva numero 12
	Diapositiva numero 13
	Diapositiva numero 14
	Diapositiva numero 15
	Diapositiva numero 16
	Diapositiva numero 17
	Diapositiva numero 18
	Diapositiva numero 19
	Diapositiva numero 20
	Diapositiva numero 21
	Diapositiva numero 22
	Diapositiva numero 23
	Diapositiva numero 24
	Diapositiva numero 25
	Diapositiva numero 26
	Diapositiva numero 27
	Diapositiva numero 28
	Diapositiva numero 29
	Diapositiva numero 30
	Diapositiva numero 31
	Diapositiva numero 32
	Diapositiva numero 33
	Diapositiva numero 34
	Diapositiva numero 35
	Diapositiva numero 36
	Diapositiva numero 37
	Diapositiva numero 38
	Diapositiva numero 39
	Diapositiva numero 40
	Diapositiva numero 41
	Diapositiva numero 42
	Diapositiva numero 43
	Diapositiva numero 44
	Diapositiva numero 45
	Diapositiva numero 46
	Diapositiva numero 47
	Diapositiva numero 48
	Diapositiva numero 49
	Diapositiva numero 50
	Diapositiva numero 51



