
Fluence and Absorbed Dose Calculations for the Biological Samples 
Irradiated with Heavy Ion Beams at the Long-Term modes 

Nelli Pukhaeva, O. Belov, A. Gutnov, G. Kachmazov, and M. Perez Tapanez
VBLHEP, JINR, NOSU

I                                                                            MMCP-20224, Yerevan, 20-25 October, 2024 pukhaeva@jinr.ru



2 MMCP-20224, Yerevan, 20-25 October, 2024                                                  N. Pukhaeva



ØBeams: from p, d1 to Au
ØLuminosity: 1027(Au), 1032(p)
ØCollision energy 4 – 12.6 GeV

Ø2 interaction points: MPD(2025), SPD(2028)
ØFixed target experiment BM@N
Øapplied research: ARIADNA experiments

Nuclotron-based Ion Collider fAcility
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Stations for applied research at 
NICA complex

• LTI – Long-Term Irradiation Station 
• SOCHi - Station Of Chip Irradiation, for 

irradiating decapsulated microchips
• ISCRA- Irradiation Station of Components of 

Radioelectronic Apparatus, to determine 
radiation resistance of electronic components 
and works on radiation materials science.

• SIMBO- Station of Investigation of Medico-
Biological Objects, will works on life sciences 
underway with the use of accelerated ions at the 
energies of 500-1,000 MeV/nucleon

• SHINE- Station of High Energy Investigation in 
Nuclear Energetic, for solve the topical issues of 
nuclear technologies related to the production of 
energy and nuclear waste disposal.

5 MMCP-20224, Yerevan, 20-25 October, 2024 N. Pukhaeva



The Applied Research Infrastructure for 
Advanced Development at NICA fAcility

• ARIADNA – collaborations formed around the created research infrastructure 
• ARIADNA-LS – life science
• ARIADNA-MSTE – radiation materials science and radiation testing of electronics
• ARIADNA-ADSR – study of accelerator driven subcritical reactors  

6 ISINN-30, April 
14-18 2024, Egypt                                                                
N.Pukhaeva
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Analyzed data
• Fluence and absorbed dose values are calculated for the experiment with 

exposure of yeast cells to heavy ions in order to select mutants with 
increased accumulation of squalene 

• Squalene is an important polyunsaturated triterpene with wide 
applications in the food, pharmaceutical and other biotechnology 
industries 

• The main methods for squalene production are extraction from oil-
producing plants, microbial fermentation with Saccharomyces cerevisiae, 
but the scale economic viability are limited.

• Radiation-induced mutagenesis is one of the alternative ways to obtain 
mutant strains with improved squalene production. In this regard, the use 
of heavy ions as a mutagen is of great interest because of their high 
biological effectiveness 

• To calculate the fluence and absorbed dose values, we assume that Petri 
dishes with yeast cultures on solid media are placed perpendicular to ion 
beam and that Petri dishes are stacked to a pack of 1-8 pieces. 
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Petri dishe



Method of Analyzed data
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Method of Analyzed data 
BM@N with Station

Ø First BM@N Physics Run
Ø Interaction rate: 10 kHz
Ø Dec 12 – Feb 02 2023

Ø Beam: Xe  3.8, 3.0 GeV
Ø Target: Csi or empty
Ø Detectors: FSD, GEM, ToF400, ToF700, FHCal, … 
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Method of Analyzed data 
from BC1, VC, FHQ

a) An FQH strip with SiPM photodetectors
b) b) The Forward Quartz Hodoscope 

Schematic view of the FHCal

used data from BC1, VC, FQH
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Method of Analyzed data 
study of profile 



Measured intensity and profile per samples 

ØCalibration                                               Intensity = 4.24668e+07 nucl.      Ф = 4.7e+06
Ø Sample  I – seed                                    Intensity= 2.42622e+08 nucl.       Ф = 2.6e+07
Ø Sample II – seed                                    Intensity= 2.47850e+08 nucl.       Ф = 2.6e+07
Ø Sample III – seed                                   Intensity= 3.46815e+08 nucl Ф = 3.7e+07
Ø Sample IV – seed                                   Intensity= 2.24907e+08 nucl Ф = 2.4e+07
Ø Sample V – Sapphire +Films + Aluminum        Intensity= 5.79354e+09 nucl Ф = 6.1e+08
Ø Sample VI – add composite ROC + VTSP(1)   Intensity= 4.86455e+09 nucl.      Ф = 5.2e+08
Ø Sample VII – add  composite MCS + VTSP(2) Intensity= 2.39928e+09 nucl.       Ф = 2.5e+08
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Method of Analyzed data 
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Analyzed data 

Dosimetry calculations were done for the set of 
absorbed doses expected to be most effective in 
terms of for producing mutant cells 

Geometry of ion beam having a uniform central part and halo
is taken into account in calculations. 



Analyzed data
• The particle fluence and absorbed doses were calculated 

taking into account the intensity of the ion beams 
extracted from Nuclotron accelerator of the NICA 
complex. 

• Very important that the dose in the foil is independent of 
its thickness as long as the particles travel straight through 
and do not lose enough energy to cause the stopping 
power to change significantly. 
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If the fluence equal                              6.1e+08
energy distribution on the surface    2.32e+09 (GeV/cm^2)



Thanks for your attention 
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Analyzed data

Used: DIGIT files

:DST_exp files

Create miniDST

BM@N DATA Model
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First results 
for study of irradiated samples 

from Nuclotron beam data at 3.8 AGeV

Ø Full data of Run8 ~ 550 mill events Analyzed 
Ø Software was developed for investigation of intensity and profile of the beam
Ø Compered duration of each run with integral of intensity 
Ø Investigated which fraction of beam could achieve till area of  station
Ø Integral of intensity and profile of beam for each samples are measured
Ø The beam profile and intensity distributions together with overall intensity and duration of 

radiation exposure are analyzed for the set of samples of different geometry and chemical 
composition. 

Ø Study  under going, continue and ready for new data taking
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