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Last Update

Last update on CNAO activities given by M.

Donetti at the last FOOT General Meeting
(Monastero di Cherasco, Dec 2024)

A. Mereghetti, XVII FOOT General meeting, 26-28 May 2025
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mar 17/12

08:00

Institution Board: Institution Board Mauro Villa

09:00
Monastero of Cherasco - Cherasca (CN) 08:30 - 09-30
Vertex and Inner Tracker detectors status Giacomo Ubaldi &
Moneastero dif Cherasco - Cherasco (CN) 09:30 - 0955
10:00 Vertex detector: analysis Luana Testa @
Monastero di Cherasco - Cherasco (CN) 09:65 - 1020
DAQ updates Dr. Riccardo Ridolfi &
Monastero di Cherasco - Cherasco (CN) 10:20 - 10:45
Updates from CNAO Marco Donetti &
Monastero di Cherasco - Cherasco (CN) 1045 - 1100
1 Coffee Break
Monastero di Cherasco - Cherasco (CN) 11:00 - 11:30
___ _ L _ A
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Outlook

@ Introduction

@ CNAO Expansion Project

O RFKO and Multi-Energy Extraction

@ Third Source and He-Beams Commissioning
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Daily patients

Daily Patients
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CNAO Expansion

CNAQO is carrying out a massive
expansion project, with the
addition of two n chines:
1. BNCT;
2. Single room proton-therapy j

machine, with gantry;
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https://virtualtour.fondazionecnao.it/il-progetto-di-espansione/
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Hitachi Installation March 2025

Almost complete

Almost all magnets have been installed and aligned — vacuum
chambers to be inter-connected;
Commissioning with beam optimistically starting @
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Boron Neutron Capture Therapy

Boron Neutron Capture Therapy (BNCT)

* The patient is given a °B-added drug, mainly
methabolised by tumor cells;

* Under neutron irradiation, 1°B undergoes fission,
yielding to two charged hadrons with very short range;

 Tumor volume irradiation is optimised not by means of
a dose distribution system, but by the methabolism of
the tumor (differential drug uptake);

Pavia was at the forefront of BNCT research activities in

2000s with the TAOrMINA project:

» 2 explanted livers drugged with 1°B irradiated at the LENA
nuclear reactor in Pavia;

e Patients were terminally ill: one survived only for few
days after re-implantation, the other one lived for almost
4 years!

Non-comprehensive bibliography:

Pinelli T. et al., TAOrMINA: from the first idea to the
application to the human liver (2002)

Zonta A. et al., La terapia per cattura neutronica (BNCT)
dei tumori epatici diffusi: prima applicazione clinica

(2003);
Zonta A. et al., Clinical lessons from the first
applications of BNCT on unresectable liver metastases

(2006);
Protti N., La Terapia per Cattura Neutronica con Boro
(Boron Neutron Capture Therapy, BNCT) (2012)
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https://iris.unipv.it/handle/11571/14196
https://iris.unipv.it/handle/11571/128075
https://iopscience.iop.org/article/10.1088/1742-6596/41/1/054
https://www.iasf-milano.inaf.it/Astro-Siesta/astro_NProtti_1_BNCT.pdf

BNCT@CNAO

 There are still a number of open points:
* Hydrogen management
* SF6 management
* Fire load / plastic content of the rooms
e Structure of the BSA still evolving
* Nuclear safety system
* These points are preventing the design of the plants to be completed

« We are also introducing modifications to allow the continuous infusion of the boron drug into the
patient during irradiation.

» Still no installation plan available from TAE.

Courtesy of G. Venchi

CNAC
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RFKO Extraction

Amplitude-momentum selection (Betatron RF-KO
core based extraction)

4

Amplitude Amplitude

Ap/=p Apf p

Currently used for Carbon ion beams

Currently used for proton beams
—> on-going migration to RF-KO;

Protons: clinically operational since 13th May 2024;
« Carbonions:

We commissioned 4 intensities (8e7, 4e7,1.6e7,0.8e7 ions/s) in all the rooms.
Waiting for final commissioning by the Medical Physicists

CNAC
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Multi-Energy Extraction

Use remaining Standard Operation Pattern NIRS = Variable-E operation in one cycle !
b eam after SII ce ) Reference pattern 1 — Operation pattern

completion e E /’r “xﬁx _g E i—\_H—\_\_\ﬁ
Recent tests in E —; / \H g é I,.“I High Duty Operation II".
machine (17-18 5 |/ \_ = \
May 2025), to Time —

verify that the (Courtesy K. Noda — CAS Medical)
timing system Saved Saved

correctly handles time time

the information 1s Sync

of beam intensity

in machine;, T _——"\TT=—=>"_ U\ T\
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Third Source

* Third source: AISHA2, by LNS;
* Installed in 2022, we had to wait for the new RP legal allowance (July 2024) to turn it on;

 New species available,
candidates for both
clincial applications
and non-clinical » <= 25 =
research activities; o, WP S

—

=i

species A Q source

C 12 4
@) 16 6
Fe 56 19
Li 7 3
He 4 2
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Third Source: Helium Commissioning

2024-09-29: commissioning started;

5B-024A-5KQ—

-58-020A-CAV_RF

58-028A-SXR | Samg;:go[):n-csn
58-035A-CS| " 58-005A-QUS
5B-037A-QUS | sa-_oom MBS
59-001A-MBS | 57-007A-QUS
59-005A-CSV- =

59-007TA-QUS—__ =

SA-001A-MBES

2024-11-14: He arrived at RFQ entrance; homaa

SA-RFKOr

SA-01BA-SXC:

S5A-020A-QUS
SB-D01A-MBES:

2024-12-15: He through the LINAC;

SB-00TA-CSV-

5B-012A-QU.

2024-12-21.22: MEBT commissioning;

SC-001A-MBS-

5C-D05A-QUS— s

(two weeks stop due to a failure of a turbo vacuum pump) sconencs

5C-021A-CS

2025-01-25: injection into synchro and acceleration up to 227 scazmncy
MeV/u (i.e. 320 mm WET); soconnes

5b-005A-C5V-
SD-007A-QUS-
5D-012A-BDT

2025-02-15: He beam in treatment room 1; soour-sic

SE-001A-MBS

SE-005A-QU
SE-010A-ESP
SE-016 A-CSH

LN-004A-DTL-

L1-003A-CTA
L1-D10A-QIA
LI-012A-QTA—
L1-O14A-QTA—, | I|I
L-ooA-cra- ||| |
L2-001A-TDC |
L2-004A-CTA——
L2-009A-CTA——F 02-036A-5WO
- 02-032A-QIA——
L2-011A-ICt— 02.0304-QTA
L2-0198-5L1 02-028A-QTA
02-018A-IDA—
LN-00LA-RFQ— 02-013A-QIA——
02-010A-CIA——
02-004A-CTA

LN-002A-ITM

LM-004X-Q1%
LN-004X-Q2X
LN-004X-Q3X

M1-005A-CIB 1—
1-010A-QIB
M1-012A-GTB
1-014A-QT8
—M1-016A-QTB
M2-001A-IDB
M2-004A-CTB
M2-0094-QIB
M2-012A-CT8
~M3-001A-TDB
|| M3-006A-CTB
I M3-00BA-QIB
M3-010A-QIB
M3-0144-CTB
M3-019A-QIB
M3-021A-QTE
M3-026A-CIB
M3-030B-CTB
M3-038A-IMS
M3-041A-IMS

SE-018A-QUS ~M3-044A-EST
50-023A-ESP
SF-001A-MBS
SF-005A-CSV-
SF-00TA-QU.
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50-001A-MB.
S0-005A-QUS
S0-016A-MSP
HZ-001A-M5M
HZ-003A-MSW-
H2-005A-MSW-
H2-007 A-CEB
H2-012A-QUE-
H2-016 A-QUE-

~OLO036A-SWO
| or-0324-QIA

LN-002X-QDX 02-002B-5L1

-57-005A-CSV

57-0014-MBS
| | porososara 6-0194-QUS
01-0284-Q1A 56-0144-C5H
01-018A-TDA _ se0124-ACQ

01-013A-QIA c 56-005A-QUS
O1-010A-CTA

01-004A-CTA
-01-002B-5L1

56-001A-MBS

5-012A-5XC

55-007A-QUS
-55-005A-C5V

03-034A-CTA
03-032A-QTA
~——03-0304-QIA
———03-028A-QTA

03-024A-CTA

03-022A-QTA
—03-020A-QILA 54-024A-QUS

03-01BA-QTA D 54-022A-QKV
B 54-020A-QKH

-55-001A-MBS

-54-015A-BEC
03-01A-IDA

03-012A-QTA -54-008A-C5H
03-010A-CTA - 54-005A-QUS
03-004A-CTA
03-002B-5L1

-54-001A-MBS

3-016A-QUS Q
53.0124-BDT
S0-0314-QU 53 DI0A-BDS .&Q/
53-005A-C5V xS
50-029A-C5H.

-53-001A-MB5 ,b
Z

52-021A-QUS
-52-019A-5XC

52-008A-CSH
2-005A-QUS

52-001A-MBS

51-007A-QUS y, .
51-005A-CSV
51-0014-MB5

H3-013A-CH

o Xpp
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Third Source: Helium Beam to Treatment Room (2025-02-15)!
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Third Source: Helium Commissioning (ll)

56-0244-5KQ— 58-020A-CAV_RF

L B eual A
. .
2024-09-29: commissioning started; e ; ssmus
S59-00IA-MBS | S7-007A-QUS
59-005A-C5V- A
59-007A-QUS—_ I 57-005A-C5V
. SA-001A-MBS —OLO036A-SWO 57-001A-MBS
L1-0034-CTA——— ["O1-036A-
2024'11'14: He arrlved at RFQ entrance. SA-0094-QU LI010A-QIA— || [~Ol-032A-QTA
’ 5A-00BA-CSI LI0RA-QTA— | | | | mO1-030A-Q1A 6-0194-QUS
SA-RFKO y L1-01A-QLA— || |} 01-028A-QTA 56-014A-C5H
SA-D1BA-SXC u-o9A-cia ||| | |‘ \ 01-018A-IDA K ceoi2ancq
5A-020A-QUS N L2-001A-IDC 01-013A-QIA . 56 .005A-QUS

L2-004A-CTA—

5B-001A-MBS
2 O 24 '1 2 '1 5 . H e t h rou g h t h e LI N A C ; L2-009A-CTA—— 3 OZ036A-SWO Oroma-ca 56-0014-MBS
° ’ g - 02-0324-QIA—— 01-004A-CTA
L2-011A-ICt 02.030A-QTA
- 8 -01-002B-5L1
5B-D0TA-CSV L2-0198-5L1 02-028A-QTA -
02-01BA-IDA—"" =
LMN-001A-RF 5-012A-5XC
5B-012A-QU N 02-013A-QIA——= . 03-034A-CIA
. . . 02-010A-CIA—— 03-032A-QTA 55-007A-QUS
- - . . 02-004A-CIA - -55-005A-C5V
2024-12-21.22: MEBT commissioning; § ey
‘.’\-.\ ———03-02BA-QTA

LN-004A-DTL-

scooames LN-002A-ITM 03-024A-CTA S-oonA-mes

. 5C-D05A-QUS— L;’fg&?if‘g&‘x 02-002B-5L1 __78:?f822§:jg§: S4.0244.QuS

(two weeks stop due to a failure of a turbo vacuum pump) sconencs Do os.184-q4 g
M1-005A-CIB 1—' -54-015A-BEC

b 1-010A-QTB A 03-01A-IDA
SC-021A-C5 d MI1-012A-QIB !

2025-01-25: injection into synchro and acceleration up to 227 scazsaqu oioaats N B
MeV/u (i.e. 320 mm WET); soconmes

-54-001A-MBS

M2-001A-IDE 03-004A-CTA
-M2-004A-CTB 03-002B-5L1
-M2-009A-QIB

SD-005A-CSV-

SD-007A-QUS

5b-012A-BDT

esporaton otenaus &
i ¥ [z soannqu Sy ¢
2025-02-15: He beam in treatment room 1; s |\ Hsoosnam oA ey 6‘6\
53.001A-MBS &Q/
M3-030B-CTR 555}3?‘5%“5 & 5)
O

M3-014A-CTR
50-029A-CSH-
SE-001A-MBS M3-019A-QIB

M3-021A-QTB
M3-026A-CIB

SE-005A-QU

M3-03BA-IMS

2025-03:1 month stop due to a fault; R ownhs sr00nco

SE-D18A-QUS M3-0444EST 2-005A-QUS
50-023A-ESP
52-001A-MBS

SF-001A-MBS
51-00TA-QUS b, .

2025-04: LEBT optics re-optimisation (to recover from fault) and T teraau ot

50-001A-MB.

optimisation of beam at ISO; e

H2-007 A-CEB

T¢
2025-05-06: new stop due to discharges (still to be solved); e O)(p/?

CNAC
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Third Source: Helium Commissioning (ll1)

The first acceleration at 320mm . Measured Depth=320.5mm

MIPTW-Peakscan 1.1 =
. Fle Edt Measuremen: Graphics Tods 2 \
NumberOfParticle Z H X b W b | A B a @
Cpen Save Clear Start Pause  Resume Analyze Process Discrete  Continuous Zoom 101 Size Cortents
6.00E+09 Accelerator Measuemen :
Accelerator
Mame CNAD-SYNC -
5.00E+09 Modaliy FROTONG B
Energy [Mev/u] |226.9 -
Gantiy['] [
4.00E+09
3.00E+09
2.00E+09
1.00E+09
0.00E+00 @
0 500 1000 1500 2000 2500 3000 3500 ‘ e ‘
‘Cumment. &lio 320 rarn first time!!ll ‘
-1.00E+09 .
Tlme (msec) Reacly J’T’T‘22EBMEVN |REW Data ‘2025-04-21 ‘SEI=COPYOF COPY OF CC ‘e 2025 R1'w227 PDD PEA 250421 23'00.mec
Lrstat| = 5 € L) % ) (E] [ZeT.. oL | Collegamenti | MEW_QA_PATIENTS [S] & B 0 o ov:04 B
Pre Fault Post Fault
Inj Part 6.50E+09 3.00E+09 Courtesy of CNAO Med. Phys. Unit
Acc part 3.90E+09 1.50E+09
% Acc 60 50

Courtesy of L. Falbo et al.
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LENTO (Low intEnsity beam moNiTOr)
\ 1

* For monitoring intensity and position of low intensity beams in
the experimental room @ CNAO

« Scintillating fiber-based detector;
* Two orthogonally oriented fiber planes read-out by SiPMs;
« The whole active area of the detectoris 12.8 x 12.8 cm?2.

- bt |

e

: &
e .
| , 1
y 3
PR

2025-05-24.25: First data taking with LENTO as part of the DDS
monitor system at the NZL,;

- Still quite some work for a smooth system!

s

[ DAQ | setings |

Siari| Stop| Clean histos| [T Printdata [T Anzlogue [© Fit [0 Cumul [ Coinc [Garbon fon : Time window [us]: [ 200000 j [ Save ‘\uw_imensny_ﬁun_ﬁ

Beam Monitor GUI -

MeanX[eml::[ 7 Sigmaxem]:| 7 Mean¥lem]:[ 7 SlgmaYem]:| 4 Acq time [s]::[355.728 ~/ Parlicles::[5308807+ ; Rate [Hz]::[ 1493081 A
Beam x profile Beam y profile Beam rate
hprofile0 hprofile1 hRateprofil
‘22000: Enlrz:olems [ Enm?:OIeQE §‘ N Enlr:sepro I‘.:
20000 s o B R e
“8000- 5 700-
16000~ 600"
14000F 500k
12000- :
10000- 400
8000F 300
6000 200
4000 HKL
£ 100
2000
0:\.”|.MLH~J1\.L4LU.M.‘\ Ll P PR T P P R P P
6 4 2 0 2 4 6 2 4 6 2060 265 270 275 280
x [em] y [em] Time [s]
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ESE2

Anode support

 The Electrostatic Septum (ESE) is an essential
device in slow-extraction from a Synchrotron (as
done in CNAO);

 The present CNAO septum (ESE1) was
manufactured in 2008 in industry following a
CERN design;

A few flaws were discovered after installation:

 The beam acceptance is reduced since the exit
extrusion is not centred on the beam line, i.e. 20mm
too close to the orbiting beam.

» Consequently, the cathode and anode displacement
range is compromised w.r.t. original requirement.

« Although the nominal voltage is 70 kV, the HV
feedthrough limitation of 100 kV, limited HV
conditioning.

* Furthermore, the cathode-inside-anode-support
layout complicates conditioning as well.

« The anode/cathode displacement system doesn’t Orbiting beam Cathode

function remotely in operation.
Courtesy of J. Borburgh C N A‘ y
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ESEZ2 (Il)

 In 2020 a collaboration was launched
between CERN and CNAO to design a new
ESE (ESEZ2):
* To mitigate the shortcomings by design;

« To take advantage of the latest developments
in the field;

* To upgrade the device to make it suitable for
future operational parameters.

« ESE2 arrived at CNAO late march 2025;
« Alignment qualification;
* Vacuum conditioning;

* Ready to move to synchrotron hall this
Thursday/Friday;

 Installation in synchrotron foreseen this Nov;

&
ng beam
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Further Info

\
New beams.... %

He2* beam at linac J

\ o
He2+ ready by 2025 end % % + ShlftS fOI’ the SeCOnd
. 08+in 2026 semester of 2025
In 2025 only p and Cé* beams availables J ShOUld be Circulated
Shifts internally shortly

« In 2025 quite large increase of shifts number

» Most of them dedicated to radiobiology and ‘internal’ research
* Number of ‘external’ shifts confirmed

« FOOT more than welcome

CNAC




CONTATTI

Indirizzo

Fondazione CNAO
Via Erminio Borloni, 1
27100 Pavia

@FondazioneCnao

Centro Nazionale di
Adroterapia Oncologica

Email @Fond _CNAO

Alessio.mereghetti@cnao.it

Fondazione CNAO

Telefono
+39 0382 078 470
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USIAMO IL
CUORE
ILNOSTRO E
QUELLO DEGLI
ATOMI

PER COMBATTERE | TUMORI PIU DIFFICILI

Grazie per |'attenzione



Stage 1 it

Inserire descrizione

Stage 2

Inserire descrizione

Stage 3

Inserire descrizione
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