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hYBRI[II enw paBoTh

Pacd€r m030BBIX HArpy30K Ha MEPCOHAI B KOMHATaX BPEMEHHOM ITyJIbTOBOM YCKOPUTEIbHOTO KoMIuiekca NICA
(Nuclotron-based lon Collider fAcility), a Tax:xe 103 Ha HaceleHHE B 30HE HAOIIONCHUS BOJIM3H IUIOMIAIKH 0ObEKTA.
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hYBRI | [[[H Hay4yHbIn pykoBoauTenb

KoncranTun Yuxon

Cmapwuti Hayunsiu compyonux JIKT OUAU

Cmapuwiuii HayuHslil compyoHuk 8 Ilenmpe uckyccmeenno2o unmeniekma 1'Y «/[yonay
Kanouoam 6uonocuueckux Hayk

OO01mmii ctaxk padoThl B 00J1aCcTH pagrodunonoruu — 15 jer.

Onyo6aukoBano Oojsiee 40 HayuyHbIX padoT, Oonee 50 YCTHBIX M CTEHIOBBIX
JOKJIAIOB Ha BCAYIIMX POCCHMCKMX M 3apyOekHbIX KoH(pepeHiusx (IRPA,
RRS, Health Physics soclety), MexxnyHapoaHbIe Harpajabl U IPEMHUH.

Postdoc B «Otelte paanaiioHHON SITHACMHAOIOTMHY HallMoHaIbHOIO HHCTUTYTA
paka (HarmronaabHbIC HHCTUTYTHI 370poBbs, CIITA).

Oopa3zoBanmne: MOCKOBCKHI TOCYAapPCTBEHHBIN MHKEHEPHO-(DU3NYECKUI
MHCTUTYT (TEXHUYCCKUI YHUBEPCUTET)», Kadenpa Nel «pamgranmuoHHON (U3HKH,
OMO(PU3UKU U DKOJIOTU




hYBRI | il KomnbloTepHoe moaenupoBaHue paguauuoHHbIX YCITIOBUM Ha

yckoputenbHom komnnekce NICA

B OMAMN co3mana MexnaboparopHas pabodas rpynma IO MOJSIUPOBAHUIO

paauaIMoOHHBIX yCIoBUM Ha yckoputenbHOM Komiuiekce NICA. B He€ BXoAsAT COTpYIHUKHU
JIPB, JI®BO, JIAT, JIH®, OPB.

AKTyanbHble 3a4a4M rpynnbi:

1. KomIbIOTE€pHOE MOJAEIUPOBAHUE PAAUAIIMOHHBIX YCIOBUM B MOMEIICHUAX U MYJIBTOBOM
yckoputenbHoro komiuiekca NICA mpu mpoBeneHMM MNyCKO-HaJaJ04YHBIX pPadoOT U
MJJAHOBBIX CEAHCOB.

2. MoaenupoBaHue paaudallMOHHON OOCTaHOBKM B VI3MepuUTEIbHOM MaBUJILOHE Ha
CTAaHIMAX U KaHaax i npukiagabix uceiegosanni MCKPA n CUMBO.

HybriLIT mo3BomsieT
[IPOBOAUTH PACUETHI B
nporpammax Monre-Kapio
mozaenupoBanus (Geant4,
FLUKA), xoTopsie TpeOyroT
OOJIBIINX BHIYMCIUTEIHHBIX

pecypcoB




hYBRI[IIN 338aua koHBepTauum us CAMP B dhopmat Geant4

Other Specific CSG solids
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GaTet GaHype
GAPolyhedra (tetrahedra)
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Consult to Section 4.1.2 of Geant4
Application Developers Guide for all available

S e g :
& GEANT4

A SIMULATION TOOLKIT

Geant4 — onuncaHue reomeTpumn c noOMoLbro MaTeMaTn4eCKoro onnmcaHnAa reoMmeTpmn4eCKmnx

doopm, norndyeckoe ob6vegnHEHNE OOBHLEMOB;
MCNP, FLUKA - maTemaTU4yecKkoro onmcaHus rnyioCKOCTeEN U NOBEPXHOCTEWN, NTOrnM4Yeckoe

oObeaMHeHne NoBepxHOCTEN AN 3agaHnsa oobema.
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hYBRI[IIN 338aua koHBepTauum us CAMP B dhopmat Geant4

O630p npeabIaywinx padoT

The Nuclotron, collider, and surrounding equipment were simulated by an iron
torus pipe with 5-cm thick walls for the calculation of the vacuum chambers of the
booster. The angles of the ion loss emission from the beam used for the calculation
were within the statistical sampling of 0°-1°. The secondary hadrons from the vacuum
chambers irradiate the internal surfaces of the lateral concrete shielding. The detailed
geometries of the shielding design and the simulation of “skyshine” neutron fields

Bulletin of PFUR Series Mathematics. Information Sciences. Physics. No 3 (2). 2010. Pp. 115-122 around every NICA element are given in J:il
UDC 621.039.58, 621.384.6
GEANT4 Code Application for Radiation
Environment Prediction at the NICA Complex

G. Timoshenko®, M. Paraipan'
* Laboratory of Radiation Biology
Joint Institute for Nuclear Research
Joliot-Curie 6, 141980 Dubna, Moscow region, Russia
T Institute of Space Research
P.O. Boxr MG-23. Ro 077125, Bucharest-Magurele, Romania

The operation of a high-energy ion facility provokes secondary radiation along an acceler-
ator ring and especially at the local sites of maximum beam losses (outlet devices, targets,
and beam dumps). An essential condition for the commissioning of a relativistic heavy ion
accelerator is appropriate radiation shielding for every radiation element of the complex. The
shielding design is connected with two crucial problems: the estimation of the source term
and the prognostication of the neutron fluence and equivalent dose distributions around the
shielding.

As regards the first problem. the experimental data on the double differential cross section
and secondary neutron production in thick targets for a primary uranium beam with the
energy of several GeV /n are practically lacking. Few Monte Carlo multipurpese codes able to
simulate the uranium ion interaction with. and transport into. the matter are now available. A
comparison of FLUKA. GEATH4, and SHIELD simulations with unique experimental data on
neutron production in a 1GeV/n ***U beam interaction with a thick Fe target was performed
to find the most suitable code. As a result. the GEANT4 code was chosen to carry out a
simulation of the NICA (Nuclotron-Based Ion Facility at JINR) complex radiation shielding.
Forming the secondary radiation field inside and behind the ordinary concrete shielding was
analyzed as well. Some regularities of the secondary neutron field generation in a 4.5 GeV/n
uranium beam interaction with thick targets are discussed

As concerns the second problem. it found that the crucial point determining the NICA
shielding design is that the yearly equivalent dose at the border of the Laboratory site must
not exceed 1 mSv. The radiation situation at long distances from NICA will be formed by
neutrons which escaped from the shielding of the NICA radiation sources and were then
multiscattered in the air and ground (“skyshine” neutrons). The GEANT4 calculations of
hine” neutron radial distributions around all the elements of the NICA complex
ried out, and guidelines for the shielding construction were worked out for different
operation modes of the complex

Key words and phrases: Monte Carlo code, shielding data, relativistic heavy ions,
secondary radiation field, thick target, neutron yield, attenuation curve, neutron fluence and
equivalent dose.




hYBRI[IIN 338aua koHBepTauum us CAMP B dhopmat Geant4

* Konsepruposanue u3 3D CAD B ¢popmar Geant4;
* Tounas, mogpoOHast MOJIEJb, C BO3MOXXHOCTBIO PEIaKTUPOBaHUS yI0OHBIMU HHCTpyMeHTamu CAD.




hYBRI[IIN 338aua koHBepTauum us CAMP B dhopmat Geant4

KoHBepTaius CJI0)KHBIX 00BEKTOB B HA0OPHI IPUMHUTHUBOB.

Puc. 111 Junoaseusft sarums Bycrepa NICA v xpiocrare




hYBRI[II - 33524a koHBepTauum 3 CAMP B dhopmaT Geant4

Konepranust 3D moaenel B hopMar pa3InyHbIX PaCUE€THBIX IPOTPAMM U IEPEHOC TEOMETPUU MEXKIY

IporpaMMaMu.
« Geant4

« FLUKA

« MPDroot
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hYBRI | [l Tpe6oBaHNA K UCMONTHUTENAM

* OnbIT NnporpammupoBaHusa B C++, python;

 OnbIT co3panHusa GUI;

e OnbIT paboTtsl ¢ 3D rpacukon;

« 3HaHMe MaTeMaTUKU, aHanMTU4eCcKon reoMeTpumn, CTEPEOMETPUN.




hYBRI Il yyactne B npoekTe

* PelleHne akTyanbHbIX Hay4YHbIX 3agad ana OUANU;
 OnbIT paboTbl C paC4YETHLIMU KOAAMWU NS 3a4a4 JO3UMETPUN;

*  OnbIT paboTbl C MHOrOYHKLNOHASTbHBIM MHOPMaLNOHHO-BbIYNCITNTENBHbLIM
komnnekcom ONAN;

* [loBblLLIEHME YPOBHS MNPOrpaMMmMpoOBaHNS;
* Hayu4Hble cTaTbun, cepTudukaTtol Ha paspaboTtaHHoe 0.
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Cnacubo 3a BHMMaHue!

kchizhov@jinr.ru




