THE IBA-JINR C235-V3 CYCLOTRON DEVELOPMENT
FOR DIMITROVGRAD HOSPITAL CENTER OF THE
PROTON THERAPY

S. Kostromin, S. Gursky, G. Karamysheva, M. Kazarinov, S. Korovkin, S. Mokrenko, N.
Morozov, A. Olshevsky, V. Romanov, E. Samsonov, N. Shakun, G. Shirkov, S. Shirkov,
E. Syresin

Joint Institute for Nuclear Research, Dubna

JOINT INSTITUTE

FOR NUCLEAR
RESEARCH

RuPAC-2012, 24-28 Sep, St. Petersburg



,C‘ FBA Poccuid - Windows Internet E xplorer

I':' bt //Fbarog.

GO~

File  Edit ‘iew Favoites Tools  Help

1 Favoiites | S [*1 Gmail - Hanuears nucemo - ..

s PMEA Pocou

O OMBA Poccui

A

fleATeneHocTe MeguuuHa [occadanugHansop
LokyMeHTEI
PaboTa ¢ HaceneHnem () e
® O
Mpecc-UeHTp b d
Hayka Cnyxba kpoen
KoHTakThl
+ [}
Poccuicknii megueHTp e NoHooHe: napa MWACKNE ! 3
CMOPTCMEHE! B OCHOBHOM 06PAWATCA C TPABMAMM MATKHK C,¢I )
5“ TKaHei, NoBpexXO0eHWAMI CEA30K W MbILLLL
: L depnepanbHoe Mmeanko-buonorunyeckoe
areHtcTtBo (PMBA) PP paspabotano

AHOHCBI

Hay4Ho-npakThyeckan KoHpepeHumua
«HpOPMALNOHHEIE TEXHONOMHH B

g’:-__ﬂ_a NPaKTH4ECHOM 3[PaB0o0XPaHEHNI:

koHUenuuio.heaepanbHOW Leneeow

nporpammui (PLIN).no PasBnTUIO SiEePHON

meauumHbl B 2010 roay. [lokyMeHTOM
npeaycMOTPEHO co3naHue
BbICOKOTEXHOMNOMNYHbIX LEHTPOB
MeWULVHCKOW Ppaauonoruv B
Owmutposrpane, O6HuHcke n Tomcke no
2016 ropa.

RuPAC-2012, 24-28 Sep, St. Petersburg



naBHan O caiTe Moroga B JUMUTpOBrpage KoHTtakT

dimra ;! p

[BHTP MeAULLMHCKOH paaHoNnorHH M AR AEMIDPOAOKENIWMHTPOErpaIE!

Axanemroponck OWWN Meaguentp AMMPA Hoeocty JumuTpoBrpana $opym-93 search

LI,EHTp ME.ﬂ.MLI.I/IHCKOI?I KoMMeHTUpOBaTb
pagnoaormm B |

|MMH
OuMuTtpoBrpaae
I |I'I|:rl-rra (He BygeT onybnukosaHo)
noctpoat K 2014-my roagy
OnyGnukosano 30. MioH, 2012 news B pyipuke: Meguentp OWMMPA HosocTu I |Caﬁ-r

QHM WTpoOBrpaga

CTpouTenscTeo LigHTpa MEOUUWMHCKO paguonorii, KOTOpoe Ceilyac NonHLIM
*00om nget B umuTtpoerpage, Oyget 3aeepweno g 2014 rogy, Kak coobwaet
npecc-cny#0a YNeAHoBCKOA 0Bnactn. B AaHHBIA MOMaHT paboTel BEOYTCA Ha
14-T ByOyWKx Kopnycax LeHTpa.

B 3TOM rofy NNaHWPYETCA BO3BECTH MOHONWTHEIE KOHTYPEI BCEX 30aHWA, Ha

RuPAC-2012, 24-28 Sep, St. Petersburg



Proton therapy center
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Project of the Proton therapy center was developed by
Federal Medico-Biological Agency in collaboration with JINR
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22 IBA PT customers in the world
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C235 cyclotron parameters

232
1.7
2.15
1.08
3.09
0.98
3a3op, MM
B JIOJIMHE 600
B XOJIME 96-9
IleproAMYHOCTh CTPYKTYPhl MATHUTHOI'O MOJIS 4
AMnep-BUTKH OOMOTKH, KA 525
ITorpebasemas MOIHOCTHL OOMOTKH Maruuta, KBt 190
Bec marauTa, T 210
KoandecTBo 1yaHTOB 2
Hanpsixenne Ha nyanTtax, kB
B LIEHTpE 55
Ha paJInyce BbIBOJIA 120
YacToTsl OeTaTpoHHBIX Kosiebanuit Q,/Q, 1-1.37/
0-0.28

RuUPAC-2012, 24-28 Sep, St. Petersburg




O Experimental hall (Bld #5) preparation

* building floor reinforcement
« foundation under vault
» special plates inside the foundation for cyclotron feet
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* Vault shielding
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JINR experimental hall for medical
accelerators assembling & testing
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Cyclotron magnetic field sturcure
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Magnetic field mapping system

Calibration dipole magnet with
upto 2.9T
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Forming of the magnetic field

scial 3D Carl 2

accuracy
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RF phase and difference between average and isochronous fields
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52 R=1029
64 R=1022
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Tune — diagram correction
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Beam tQSts Isochronism test

S & G at mapping frequency (106.269MHz)
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Vertical adjustment of the central
plugs due to plane z=0
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Beam current on radial probe
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Correction of the vertical focusing

i roperties in the center of the machine
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Beam size & level = f(radius)
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Beam test results C235-V3

*The PAP116 machine was finally isochronized, operating RF-frequency is
106.270 MHz, | _ =760.7 A

’'mc

*Beam leaves central region without essential vertical and phase losses.

*Transmission from r=300mm to 1030 is 72% . Visual probe data show that
likely the axial losses do not exist in this radial range.

<3

-Beam vertical motion in the cyclotron is in the acceptable limits (AZ, <

mm).
*Extraction efficiency is 62%.
*Total efficiency of PAP-116 machine is 45%.

Final tuning of the PAP-116 machine must be performed in Dimitrovgrad.
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Modified cyclotron C235-V3
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The Cyclotron as seen
by the Visitor

The Cyclotron as seen
by the scientist
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Efficiency of the extraction system

Deflector aperture
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W, MeV

Y4yeT BNMUAHMA MarHUTHOU KOMMNOHeHTbl BY-nonsa Ha AoBMXeHune nyyka

‘ Renhase Phase motion of all particles RFphase Phase motion of all particles
(degree) ({degree)
50.0 50.0
| |
il 40.0 A
| |
| 30.0 |
| |2
O ; |_
| .0 o
| | )
| |
a0 | 30
|—=J:n 0 -40.0
| |
-50.0 g g -%0.0
o 10. 20. 30. 40. 50 60. 70. 80. S0. 100. 110
READIUS (cm
227,0
227,0
226,5
226,5
o
226,0 a 2 226,0 -1
- ; 9
225,5 . 225,5
225,0 T T T T T T T T T 1 225,0 T T T T T T T T T ]
104.9 1050 1051 1052 1053 1054 104,9 105,0 105,1 105,2 105,3 1054

Radius, cm Radius, cm



INDHANA UNIVERSITY HEALTH
PROTON THERAPY CENTER
Bioomingion, IN, USA
TWO QN Moaims.
Tramting since 2004

=

@PHI‘.URE PROTON
THERAPY
CENTER IN OKLAHOMA CITY
Cklahoma City, OK, USA
Frs! LISA Profon Tharagy
r iy vale

ong gamry

-'\-'DEL'.r-';I Since 2009
I opocure prRoTON
THERAPY CENTER

Seatile, WA, USA
in oevaigpment. Expect i
Rave four fre: i MOOmS:

COH PROTON THERAPY MASSACHUSETTS CENTRE DE

CENTER, GENERAL HOSPITAL PROTONTHERAPIE

A PROCURE CENTER BURR PROTON THERAPY DE I'INSTITUT CURIE
Chicago, IL, USA CENTER Paris (Orsay), France

Boston, MA, USA
Cycioron, Energ
Selechion 5
[ESS), Iwo ganiry rooms
Traating smos 2007

ang ganiry rom.

WO INCNEC-Desm
foams, on
Daam oo
Traaif

New cpok

o comeciad o

BRONOWICE CYCLOTRON
CENTER
Krakéw, Poland

WESTBELITSEHES
PROTONENTHERAPIEZENTRUM
ESSEN (WPE)

Essan, Germany o, ESS, ONQ MRSEsrCh oo,
Cyoiolmon, ESS, ¢ ganiry moms, Tead-Deam room

one MEd-Doar .
Arst Profon Thevapy canlar passd
0N 8 PUDC-IMyals DarMersiip
{ERF) modal

, FEDERAL HIGH-TECH MEDICAL
CENTER
Dimitrovgrad, Russi

SKANDIONKLINIKEN
Uppsala, Sweden

Cycioiron, ESS,

(WO ganiry moms, Cyclotron, fwo ganiry & T

OFi0 MRSEACH (00, TOGNTIE, ONe e b ment

Opaening i 23 room @nd 1 eye neatment room
MATIOMAL CANCER CENTER

Expandabia by one ganiry

Frofon Thersgy soiiton
froim 184

oG
Weating since 2007

THE PROTON THERAPY
CENTER LLC (TPTC)
PROVISION HEALTHCARE
Knoxville, TH, USA
Cyclotron, Wo fsocaninc-gantry
frealmant moms,

ong Med-Desm room

HAMPTON UNIVERSITY
PROTON THERAPY INSTITUTE
Hampton, VA, USA

Cyciotmn, ESS, four ganiry

OO, One Aved-taaim roam
Faslast buld to oake i 84 and

@[ﬁﬁt)nsm' OF FLORIDA
PROTON THERAPY INSTITUTE
Jacksoaville, FL, USA

Cyciolran, £55, ivea ganiry roams,

Bt per sy
wiinin (WD years of cpaning
Trating sncs 7006

UNIVERSITY OF PENNSYLVANIA
CENTER HEALTH SYSTEM
Princelon, M., LSA ROBERTS PROTON THERAPY CENTER

i dfaveiopmant. B
fie® four fra

Philadelphia, PA, LISA

CyTiolon, E5S, D ganiry

TS

nar anm
Tie fargest Frofon Thergoy canlar projoct
o dafa
Trealing since Z009

Inousiry
Treating since 1098

UNIVERSITATKLINIKUM CARL
GUSTAY CARUS

Dresden, Germany
Cyoipinony, £S5, ona ganlry roam,
Ong rese. O

e

WAMN.JIE PROTOMN THERAPY CENTER
Zibo, China
Cyoioiron, ESS, ona gantry room,
8 FXSE-Heam room

W WO aoannnal ga

o firs! paliont tre

PROTON THERAPY CENTER
CZECHSR.O

Prague, Czech Repubbc
Cyminiron, ESE, fhree ganiry mooms, one
M@d-DRsT Mo, The st of ils &nd n
T Europe.

4

AGENZIA PROVINCIALEPER LA 55

PROTONTERAPIA (ATREP)

faly

Cyciolron, ESS, fwo panry rooms
210 ang MXed-Daam room

Frzf gantry-aguinped Prodon
apy ceier i sty




Beam test results C235-V3

*The PAP116 machine was finally isochronized, operating RF-frequency is
106.270 MHz, | _ =760.7 A

’'mc

*Beam production from ions source (140V/100mA, 198A) is acceptable
*Beam leaves central region without essential vertical and phase losses.

*Transmission from r=300mm to 1030 is 72% . Visual probe data show that
likely the axial losses do not exist in this radial range.

*Beam vertical motion in the cyclotron is in the acceptable limits (AZ 3
mm).

beamS

*Extraction efficiency is 62%.
*Total efficiency of PAP-116 machine is 45%.

Final tuning of the PAP-116 machine must be performed in Dimitrovgrad.
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