Co3nanue kouBeprepa reomerpuun uz CAIIP
B popmar Geant4

KoucrauTa Um>koB

Crapmmit HayuHbI coTpyaHuk JINT OVISIN
Kananaar 0moormaeckmx HaykK

[T-mxona JIMT OUAN, 7-11 oxrsa6ps 2024



Llenb paboTbl

Pacd€r n1030BbIX HArpy30K Ha MEPCOHAJ B KOMHATaX BPEMEHHOM MYJIBTOBOM YCKOPUTEIBHOTO KoMILIekca NICA
(Nuclotron-based Ion Collider fAcility), a Tak»e 103 Ha HaceJIeHHWE B 30HE HAOJIOCHUS BOIM3H IUIOMIAAKU OOBbEKTA.



Hay4yHbIn pykoBoguTenb

Koncrantun Yuxkon
Cmapwuti Hayunsiu compyonux JIKT OUANU

Cmapwiuti Hayunslil compyorux 8 Llenmpe uckyccmeennoco unmeniekma l'Y «/[yonay
Kanouoam 6uonocuuecxkux Hayk

OO0mui cTax padoThl B 007aCTH paIMOOMOIOTUU — 15 JIeT.

Onyo6aukoBano Oojsiee 40 HayuyHbIX paOoT, Oonee 50 YCTHBIX M CTEHJIOBBIX
AOKJIAIOB Ha BEAYIIMX POCCHUUCKMX U 3apyOexkHbIX KoHbepeHnusx (IRPA,
RRS, Health Physics society), MexXa1yHapoaHbIC Harpaabl U MPEMHUH.

Postdoc B «OTaesne paaraiioOHHOM 31U IeMUoa0run» HallnoHaabHOTO MHCTUTYTA
paka (HarmonanbHbie HHCTUTYTHI 310pOBbs, CIIIA).

Oopa3zoBanne: MOCKOBCKHI TOCYAaPCTBEHHBIN MHKEHEPHO-(PU3UUECKUIA
MHCTUTYT (TEXHUYECKU YHUBEPCUTET)», Kadeapa Nel «paauanimoHHON (PU3HKH,
OMO(PU3UKU U DKOTOTHU



KomnbloTepHoe MmoaenmpoBaHue paguauuoOHHbIX YCNOBUM Ha

yckoputernibHom komnnekce NICA

B OMAM co3pmana MexnaboparopHass pabodas rpynmna IO MOJASIUPOBAHUIO

pPaMAIMOHHBIX YCIOBUM Ha ycKopuTelbHOM KomIuiekce NICA. B He€ BXOASAT COTPpYAHUKH
JIPB, JI®OBO, JIUT, JIH®, OPb.

AKTyanbHble 3a43a4M rpynnbi:

1. KommberorepHOE MOAEIMPOBAHUE PAIUANMOHHBIX YCIOBAM B MOMEMICHUAX U ITYJIBTOBOM
yckoputenbHoro komruiekca NICA mnpu OpoBeAeHHMM ITyCKO-HaJIaJOYHBIX padoT u
IIJJAHOBBIX CEAHCOB.

2. MopgenupoBaHue pagualiMOHHONM OOCTaHOBKHM B M3MepuUTEIbHOM IIaBUJIbOHE Ha
CTAaHIMAX U KaHaax Jyid npukiagnabix uceiaenoanni MCKPA u CUMBO.

»

» »

HybriLIT no3Boiser
[IPOBOAUTH PACUETHI B
nporpammax Monre-Kapio
MonenupoBanus (Geant4,
FLUKA), kotopbie TpeOytoT
OOJBIINX BBIYMCIUTENBHBIX

pecypcoB



3apayva koHseptauum n3 CAIP B ¢popmaTt Geantd

CAD

Geant4 — onuncaHue reomMeTpmumn ¢ NOMOLLbIO MaTeEMaTUYECKOrO ONMUCaHUA rEOMETPUYECKNX
doopm, norndyeckoe ob6vegnHeEHNE OOBHLEMOB;

MCNP, FLUKA - matematn4eckoro onncaHusa rnyockoCcTen 1 noBeEPXHOCTEN, NOrmyeckoe
obbeamMHeHne NOBEPXHOCTEN ANA 3agaHust obbeMa.



3apadva kouBepTauumu ns CAIP B chopmaTt Geantd
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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 multipurpose codes able to
simulate the uranium ion interaction with. and transport into. the matter are now available. A
comparison of FLUKA. GE. \TJ and SHlELD simulations with unique experimental data on
neutron production in a 1G¢’ *%U beam interaction with a thick Fe target was performed
to find the most suitable rudt-. As a result. the GEANTH4 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/
uranium beam interaction with thick targets are discussed.

As concerns the second problem. it was found that the crucial point determining the NICA
shielding design is that the ly 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 whic! ped from the shielding of the NICA radiation sources and were then
attered in the air and ground (“skyshine” neutrons). The NT4 calculations of
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.




3apadva kouBepTauumu ns CAIP B chopmaTt Geantd

* Konpeptuponanue u3 3D CAD B ¢hopmar Geant4;
* Tounas, mogpoOHast MOACIb, C BOBMOKHOCTBIO pPeIaKTUPOBaHUs yI0OHIMH HHCTpyMeHTamu CAD.




3apayva koHseptauum n3 CAIP B ¢popmaTt Geantd

KoHBepTaius CJI0)KHBIX 00BEKTOB B HAOOPHI IPUMUTHUBOB.



3apayva koHseptauum n3 CAIP B ¢popmaTt Geantd

Konepranus 3D moaenel B hopMar pa3IuyHbIX PacCuE€THBIX IPOTPAMM U IEPEHOC TEOMETPUU MEXKIY
IporpaMMaMHu:

e Geant4
 FLUKA
« MPDroot




Tpeb6oBaHMA K UCMONTHUTENAM

OnbIT nporpammmpoBaHus B C++, python;

OnbIT cosaaHuna GUI;

OnbIT paboTbl ¢ 3D rpadmkoun;

3HaHMe MaTeMaTUKKN, aHaNUTUYECKOW reoMeTpun, CTEPEOMETPUMN.



YyacTue B npoekKTe

PelueHne akTyanbHbIX Hay4YHbIX 3agad ana OUAWU;
OnbIT paboTbl C pacY4E€THbIMU KOgaMun Ana 3agay JO3UMETPUMN;

OnbIT paboTbl ¢ MHOrOMPYHKUMOHANbHLIM NH(POPMALMOHHO-BbIYUCIIUTENBbHBIM
komnnekcom ONAN;

[ToBbILLIEHME YPOBHS NPOrpaMMmnMpoBaHnS;
Hay4Hble cTaTbn, cepTudukaTel Ha paspadboTtaHHoe [10.



Cnacubo 3a BHMMaHue!

kchizhov@jinr.ru



