Status report on CNAO

Marco Pullia [CNAO Foundation]
on behalf of the CNAO collaboration



What is the CNAO Foundation

+

No profit organisation (Foundation) created
with the financial law 2001 to build the
national center for hadrontherapy designed by

TERA Foundation
In 2001 CNAO Is created

At the end of 2003 CNAO acquires the
project and hires the design group

Today CNAO is co-ordinating the construction
of the whole center.
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Main goals

_~_

- TO treat patients using hadrontherapy

=== 10 perform clinical and radiobiological reasearch
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CNAO Organisation

‘ Borloni President

E.

G. Azzaretti F - Policlinico San Matteo Vice-president
G. Di Benedetto F - “Fondazione Policlinico™

G. De Leo F - Istituto Neurologico C. Besta

C. Ciani F - Istituto Europeo di Oncologia

U. Amaldi F - Fondazione TERA

S. Zurrida F - Istituto Nazionale dei Tumori

R. Petronzio Pl - Istituto Nazionale di Fisica Nucleare
G. Coggi Pl - Universita di Milano

A. Pedotti PI - Politecnico di Milano

G. Goggi PI - Universita di Pavia

P. Capitelli Pl - Comune di Pavia
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Collaborating Institutions

NAT|ONAL

INRI_CO-direction, involvement/responsibility in many technical issues (15), formation
Town of Pavia: land and authorisations

University of Milan: medical coordination and formation

Polytechnic of Milan: patient positioning, radioprotection and authorisations
University of Pavia: electrical plant, power supplies and betatron, safety, formation
Province of Pavia: logistics and authorisation

University of Turin: interface beam-patient, TPS

INTERNATIONAL

CERN: special magnets, dipole measurements and diagnostics (+ PIMMS heritage)
GSI: linac and special components

LPSC (Grenoble): optics, betatron, low-level RF, control system

NIRS (Chiba): medical activities, formation

5
Fr:-nrjmir;en:.‘-CNAl:,_)_

EPAC 08 — Genova 24-6-08 Marco Pullia — Chao Status Report



What is the CNAO

_~_

The CNAO will be the first italian
center for deep hadrontherapy.

It will be a synchrotron based
proton — carbon ion treatment center.

It Is presently under construction in
Pavia.
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Hospital Building Synchrotron Hall

Construction by: DEC SpA /

Final design and direction of work: Studio Calvi, Tekne, Inarcheck
Safety: Studio Gieffe Srl
CNAO coordinator: F. Gerardi

Fondnzionec NACL




March 2008
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November 2005

Just for comparison




The CNAO accelerator system
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LEBT

0.008 MeV/u H3*
0.008 MeV/u C4*

| ~ 0.7 mA (H3*)
| ~ 0.2 mA (C*)
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RFQ-LINAC
RFQ

0.008 - 0.4 MeV/u Hs*
0.008 - 0.4 MeV/u C#*

LINAC

0.4 - 7 MeV/u He+
U




MEBT

7 MeV p
7 MeV/u C6+

| ~ 0.7 mA (p)
| ~ 0.15 mA (C&%)




Synchrotron
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Based on PIMMS

7-250 MeV p
7-400 MeV/u C

| ~0.1-6 mA (p)

| ~ 0.03-1.5 mA (C)

Slow extraction




Synchrotron hall today
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HEBT

60-250 MeV p
120-400 MeV/u C

< 1019 p/spill (—=2nA)
< 4 108 C/spill (—=0.4nA)

| The first magnets
have been put in place

Chopper




Special Magnets

Septa and fast magnets delivered and installed
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Power supplies
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Designed and
specified
by CNAO-INFN-CERN

@\ LEBT Measurement
2 station

o
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Sources and LEBT
commissioning
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~~__/ point
spectrometer

Measurement
tank
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Beam profiles

System1:02-023D-BWS
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Official Name .
| 02.023D-BWS Flane
o Hwire @ e
&= Lock On/0ff

02-0230-BWS InTime InTime %
& Inhibit | 02-023D-BWS.
Cycle Prog

0 [ms] T
: SetScan - 0.00 |
Ee H :\/ ; K i I

FEE 02-0230-BYWS. CANNING |
Crnd Status i 0oo |

: SetHTestSig OFF Plane .EV
ErrorCode ; Hwire W Wire |
r LocallRemate Status ot s

: Foooatoard D2020BBWS InTime | Intme [ S CUTEn R e
ErrorString

Actuator Settin 0 [ms]
0 0230-BWs Htar : :

02-0230-BWS H [y |
Sethotuator i | 30 [mm] ) W| i
02-0230-BYYS. HEnd| : T
md Status

FEE
Actuator System 40 [mm] : -
Out Harne In OZ-UZ3U-BWS Hyelocity ; \ _02-023D-BW5. SetHTestSianal | OFF
D @ 100 [rams] 0.00 | [

Acquisition Set‘li_ng[
v 09 9 Gain [YiA] Actuator Slat‘lincl)l2
Filter Status 108 ARNEASE B

| 02-020B-BWS|
Fiter @ O2-0230-BWS Har 53&Actuatnr§ | A0 [mm] BN : .

: [ 20 M SRS
Scaf:_“”g Wa‘%DUQ 020230 BWS. Hiui b 50 [mm]
| 1000 [He] O2-U2UB-8Ws. Hv'elocity

H Wire W Wire

H

Start Deygeb-BYVs Hotart B
: 'LD = Acquisition Seé‘lin

02.023D-BWS HStart_De ] : ] 1024 wire current vs wire position

02-020B-BWWS. HEar

250 [Hz]
e S % 02-0208-BYS. HNUr
1000 [Hz] | 1000 [Hz]

' Trigar BWE Hotan £
Start DA§GaD-E¥S. Hatart B e R = an_Ey

i 20208 30 a0
= | 0 [ms
- = o

EPAC 08 — Genova 24-6-08 Marco Pullia — Cnao Status Report fondazione CINACQL_




Beam current

Il System1:02-008F-FCA
Standard Tools Actuator Settings Acquisition Settings—————
Official Name InfOut Status Gain [\A]

Ach. Rate [Hz] Sample Mumber

FEE Settings— - 100.00 1000

" Inhib

Cycle Prog - : ' " Start Event + Delay [ms]

0
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FAODFFFDOZ
ErrorCode
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ErrorString
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Actuator System

In ' Dt
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Spectrum

o Inhibit
Cycle Prog

Cycle Code
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Emittance

Phase space distribution I Phase space distribution {before centring data) I

EMITTANCE MEASUREMENT PROGRAM

Input file name:
\\DatixSLABWS-080605-174819. txt

Data elaboration parameters:
Bias thr 0%, Noise thr 3%, centred

¢ PLOT 1

3D plot of elaborated data used to compute
EMS and Geom emittance.

4 PLOT 2

Top-view of not centred data.
Barycenter: x=-6.318 mm, xp=11.807 mrad

TR B R A | L1 | L1 | L
-20 -10 0 10 20
x[mm] 4 PLOT 3

Statistical emittance and ref ellipse I | Geometrical emittance surface @ 70% I

Top-view of elaborated data. RMS and
alpha RMS= -1.08 - beta RMS= 0.285 m ; Geom Emitt=(81.40+£0.91 j.mmmrad reference ellipses plotted on it.
Emitt RMS= 48.5 = mmmrad . (effective percentage: 66.18%)

=]
(=]

Reference ellipse: beam charge inside B6%,
alpha=-1.08, beta=0.285 m, emitt=180 Tmmmrad

xp[mrad]
o
(=]

-
(-]

RME ellipse: beam charge inside 38%,
alpha=-1.08, beta=0.285 m, emitt=48.5 mmm mrad

4 PLOT 4

Top-view of elaborated data contributing
to the Geom emitt computation.

Required=70.0%, Effective=66.2%
Current threshold=0.095 uA

—— RMS ellipse E : : Maximum discrepancy between 70.0% and 66.2%
: ; : geom emitt is 216.45mmmmrad

Reference ellipse r : —— Current threshold contou

i T | S Geom Emitt at 66.2%=(81.40:0.91)n-mmmrad
20 10 0 10 20 30 20 10 0 10 20 30

x[mm] x[mm]
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Summary of commissioning so far

mnalysis line: m Measurements:
— 1 solenoid — Spectrum
— 1 spectrometer — Profile
— 2 diagnostics tanks — Current (36h)
— Emittance...
m Hardware:
— Sources — Vacuum
— Power supplies — Cooling
— Magnets — Control system

— Beam diagnostics  —...
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to thank all those people and
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Conclusions

_~_

CNAO construction Is
almost finished

Commissioning has started

CNAO Is no more a dream,
It's becoming true
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+

m Thank you for your
attention
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