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The therapies of cancer

* Major surgery
 Chemotherapy
« Radiotherapy

* Approximately 15 %
of all cancer cases
are candidates for
radiotherapy.



Why we need to develop nuclear
therapy?

Protons and heavy ions are charged particles that possess a
well- defined range of penetration by both the beam’s energy
and the density of the tissue through which it passes.

As the particle beam penetrates the body, the particles slow
down.

As each particle nears the end of its range, the dose it
deposits increases sharply, a phenomenon known as the
Bragg peak.

By modulation the Bragg peak across the diseased area, the
physician can deliver a full, localized, uniform dose of

energy to the treatment site with relatively few beam paths.
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Comparison of the depth dose profiles
of X-rays and gamma rays with carbon ions
of 250 and 300 MeV/n
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The major advantage is the production of positron emitting
carbon isotopes 1°C and C that can be measured from
outside by the coincident registration of the annihilation
guanta. Using this modified positron emission tomography
(PET) the distribution of the positron emitters and
consequently of the primary carbon ions can be monitored
and compared to the planned distribution

Another plus of the carbon ions represents the small
amount of nuclear fragmentation of the projectile ion



Why Dubna is the very suitable place
of engineering development of the
new medical accelerator?



Dubna has already collected some
experience in radiotherapy

* Medical center for nuclear oncology
therapy Is under operation on the base
JINR phasotron since 1967

* There Is an infrastructure for providing
treatment in Dubna Hospital No.9 — the

radiology department for 20 in-house
patients

* Three-dimensional proton conformal
radiotherapy was applied for 100 patients
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Why our proposal Is competitive one?

Ever-growing use of cryogenics and superconductivity
allows having several advantages

dThe capital required to build magnet systems on the base
superconductivity and the metal content are significantly reduced

dThe operating expenses, most of which are due to the cost of
electrical energy, are also greatly lowered

dLarge decrease in the size of the magnet systems, which allows
practically all their elements to be prepared in high accuracy at
simple machine tools of ordinary dimensions



JINR already has successful operated prototypes
for the majority of the elements of the system:

* NUCLOTRON ITSELF

« ELECTRON STRING ION SOURCE ON THE
BASE OF SUPERCONDUCTING SOLENOID

« THE SUPERCONDUCTING MAGNET SYSTEM
WITH A CRYOCOOLER
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FNuclotron as prototype for future
medical accelerator







Basic Nuclotron Parameters

Maximum design energy of particles, GeV/n
Perimeter, m

Max. magnetic field, T

Stored energy, MJ

Temperature, K

Total static heat leak, kW
1.75

Dynamic heat releases (at 0.5 Hz), kW
Frequency, Hz
Total “cold” mass, tons

Cool down time, h

6.0
251.5
2.0
2.35
4.5

2.9
up to 1.0
80

80
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Nuclotron beams

BEAM INTENCITY (particles per cicle)
p 1.101
d 5.1010
4He 3-10°
Li 1-10°
108 2-108
12C 2-10°
14N 1-107
160 7-108
24Mg 1-108
4OAr 3-107
S6Fe 1-106
84Kr 5-103
131Xe 1-108
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The Bragg peak of *2Cions
JINR NUCLOTRON
500 A-MeV

500 lonisation Chamber

Reiative Dose

32 33 M 35 35 7 38 30 40 4 42

Depth of LUCITE, g/cm?
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Superconductive gantry
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5 — a warm scanning magnet;

6 — hermetic joins on the rotation axis;
7 — a join forvacuum pipe line

8 - a slitherring contacts of the power
supply;

9 - a drives of the cryocooler valves;
10 - revolving frame;

11 11 — handhold;

12 — screen of the procedural room;
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“Dry” Superconducting Magnet

The peculiarities of this system  [IRNTFLELHmiee

are stipulated by using of a 1 N S
cryocooler 1 W in power for - ‘
the refrigeration of the magnet.

Four coils ensure induction of a
magnetic field on the axes of
the source of up to 3T.

Solved problems:
> Large forces of interaction between
the coils and surrounding iron yoke

> Indirect refrigeration

> New technology of the
superconducting magnet protection -
"cold" diodes and resistances

> High temperature superconducting;
current leads



Electron String Ion Source
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Parameters of the New Medical
Superconducting Synchrotron

lons p, 12C
12C maximum energy 450 A-MeV
P maximum energy 250 MeV
Ap/p 0.05%
Intensity of C beam 107-10°
Intensity of p beam 108-1010
Extraction duration 0.5-10s
The cross-section beam size, x-y (FWHM) | 0.5-1.0 cm

Emittance 5 T mm-mrad
Stability of beam position 0.5 mm
Perimeter ~60m
Maximum dipole field 1.8T

Dipole number 24
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How the new medical accelerator of
carbon will look?
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New medical accelerator will be very similar
to the model shown In the picture
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Conceptual view of the Proton-lon Medical Complex
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Thank you for the attention!
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JNEMEHTBI, GHCTEMEI

PEEPEEI]THH, H3roToaneHWe W 8801 NPOTOHHO-WOHHOID GAHXOTEO-

Ha Ha SHEPrID YCEDpeHHLEX wodos no 450 MaB Ha Hyknod U npo-
ToHoe oo 290 MaB

Cyma (mnH.pyb.)
900,00

1.1 lNopcucTemMsl GHHXPOTPOHA, B COGTABE: 610,00

1.1.1  |Paspafotxa, uaroToBneHue v BBOJ MCTOUNWKE MoHoa yrnepopa  |29,00

112 Pa3paboTya, MaroTOBNEHWE W BBOM WCTOUHMKA NPOTOHOB 10,00

1.1.3 |Paspabotxa, nzroToeneHwe u BBoA NpenyckopuTenaA-wHxextTopa | 125,00
E=3MaB Ha HyknoH

1.1.4 |Paspabotxa, naroToBneHWe U BBOA KPUOCTaTHLL Bnokoa ¢ Cl1- 240,00
MarHUTaMW W APYTAMK 3NeMeHTaMK CTRYKTYPbI CHHXPOTPOHA

1.1.5 |Paapabotka, narotoenexsue v 8801 YCTPOUCTE BEOAA W BLIBOOA &0,00
nyJKa

1.1.6 |Paspabotka, naroToenexue ¥ BEOA BLICOKD - YacTOTHLIX 3agaw- (45,00
LUMX W YCHOPAKLUNY CHCTEM

1.1.7  |Paspaborya, M3roTOBNEHUE W BBOJ] BAKYYMHOW CUCTEMb 43,00

1.1.8 PaspaboTka, M3roToBRNEHWE W BBOA NPELM3MOHHLLE MCTOUHWKOE 60,00
ANEKTPONMTAHWA M CUCTEMbI 33LUMTHI MArHUTOB M NMH3

12 Pa3paboTka, u3roToBneHKe U BBOM cUCTeMb! AuartocTiin u AGY  |120,00
KOMMNMEKCA, BKMKMAA CUCTEMY PaaMAaLMOHHON De30NacHOCTH

1.3 Pa3paboTxa, uaroToBneHKe U BEO[ CHCTEMBI KpuoreHHoro obecne- (85,00
YeHUA KOMNNEXCa

14 Pa3paboTtka, u3roToBNEHWE W BBOJ CHCTEMBI paseoarm wBaoga | 79,00
nyJka B NpoLeaypHbie KabWHb
MeWED-TEXHWYSCKaRA YacThb:

21 PaspaBoTka W MaroToBnenue 3 ceepxnpoBogAwMx raHTpu ¢ cue-  |210,00
TEMOW 2APECHOH [OCTABKM

22 Paspabotxa TexHuyeckol, MeaMko-TexHonormueckol aokymenta-  |50,00
LMK, M3TOTORNEHWE W BB 0DOPYAOBaHUA MPHEMHOMD OTOENEHUA
naumeHToB ¢ APM Bpaya v megnepcoxana
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JnemMeHTbI, CUCTEMb! Cyma (mnH_pyb.)

2.3 Pa3paboTka TexHUYeckon, MeLuKo-TexHonorMyeckon gokymenta- | 60,00
LMK, HIrOTOBNEHWE W BEoA 0bopyaoBakuA YHUGMUMPOBaHHLIX MO-

AWbULMpYEMEL NOATOTOBMTENBHLIX NPOLEYPHLI

24 Pa3paboTka TeXHWYECKDW, MEMKO-TEXHONOTWYECKDW aokymenTa- | 290,00
LMK, M3rOTOBNEHWE W BBoA 0DOpyaoBaHUA PamMaLMOHHLIX NpoUe-
OYPHLIX G CUCTEMaMK NO3ULAOHMPOBAHWA NALUWEHTa W MOHWTOPWH-

ra, B COCTABE:
241 |kabwHbl ¢ MKC. HaNpaBNEHMEM NyJKoB 40,00
242  |kaluHbl cO CBEPXNPOBOAALLEA TAHTPH 210,00
243 |cucTemsl anannsaTopa 3HEpIMM NMYJKDS G 3aMefinnTenem 30,00
25 Pa3paboTka, waroToeneHwWe W BEOS A03WMeTpa M nnanmpoeanmA | 30,00
obnyueHuA

1l Obwan wadpactpyrrypa MNAUTK 100,00

| |Wroro croumocrs MNTK 1940,00

1 Pa3paboTka NpoeXTHOM JOKYMEHTALMK, CTPOMTENLCTBO coopyxe-  J00,00
HuiA [TATK. MonTax 1 BBOZ CHCTEM MHXEHEPHOTD oDecneyeHns.

v Ceprudmralma KoMNNEKca B LEenom 200,00
Wroro ctoumocTs NMATK u 30asua 2490,00
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