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1 Purpose 

• Choosing the optimal parameters for real experiment
• Stopping efficiency, TOF - Impossible to measure online, directly 

(short time of life)
• Need for theoretical simulations
• 1st part of simulations gave interval of optimal parameters – interval is 

then tested by 2nd part of simulations



2 Cryogenic Gas Stopping Cell 
Experimental Setup
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2  Cryogenic Gas Stopping Cell
General view of a 
cryogenic gas ion trap. 
Positions in the figure: 
1 - entrance window;     
2 - outer warm vacuum 
shell;                               
3 - inner cold chamber;  
4 - cylindrical electrodes 
of a constant electric 
field;                               
5 - radio frequency 
multi-electrode cone;     
6 - the head part of the 
cryo-refrigerator;           
7 - supersonic nozzle;    
8 - transport radio 
frequency quadrupole.



3 Multiple-Reflection Time-of-Flight 
Spectrometer (MR-TOF-MS)

Injection probe

Q-MS
detector

TOF-MS detector

C  ion source alibrating

Analytical part of a multi-reflection 
time-of-flight mass spectrometer. The 
main nodes: 
1 - collision induced dissociation cell; 
2 - quadrupole RF filter of the sample; 
3 - radio frequency trap of the sample 
channel;                                                
4 - quadrupole radio-frequency filter 
of the calibrant;                                    
5 - transporting system of the 
calibrant;                                              
6 - quadrupole switchyard;                  
7 - channel for preparation and pulse 
extraction of ions;                                
8 - accelerating-transporting channel; 
9 - time-of-flight analyzer.



Stopping efficiency and TOF simulations for 182Hg and 203Rn isotopes, products 
with the maximal yields from reactions 40Ar+144Sm→184Hg* and 
40Ar+166Er→206Rn*

• Simulations were performed for isotopes 182Hg and 203Rn and thickness of entrance window 3 μm and 4 μm, 
respectively.

• GC_TRIM_Simulation (directly connected to SRIM) software produces files:
o Performs: simulations of stopping efficiency for particles in active volume of gas in CGSC
o RANGE_3D.txt – coordinates in 3D of all, lost and stopped particles in active volume of helium gas, model of “cloud” can be 

reconstructed from it in origin software
o XYZ_position_file.xyz – coordinates in 3D of lost and stopped particles in active volume of helium gas, is used for simulations of 

TOF by GasCellDynamic software in next step
• GasCellDynamic (in root framework, based on SIMION, Geant4 and COMSOL)

o Performs TOF simulations by direct use of XYZ_position_file.xyz file (gained after simulation by GC-TRIM_Simulation)
o Outputs: 

 Info.txt – information about simulation from interface of software (from histogram part)
 TOF copied from interface of software-for TOF histogram created in origin software

• Analysis
o Origin – histogram of TOF, Gauss fit, mean value of TOF, SD (standard deviation), variation
o Excel – table of mean value of TOF, SD, variation
o Origin – graphs of dependency of TOF mean value, SD, variation



4 Stopping Efficiency Simulation of 
Cryogenic Gas Stopping Cell 

Simulations performed:

• 40Ar+144Sm→184-xnHg 

• 40Ar+166Er → 206-xnRn

• 48Ca+242Pu → 290-xnFl

• 48Ca+208Pb → 256-xnNo

• 48Ca+209Bi → 257-xnLr

• 1st part of simulations
• Energy loss of beam particles in chamber filled by buffer-gas (helium) is 

proportional to stopping material electron density (so also buffer-gas pressure).
• Stopping efficiency
• Given by fraction of nstopped  stopped ions and the incoming ions ninc that lost their 

entire kinetic energy within the active gas volume of the Cryogenic Gas Stopping 
Cell (CGSC) :

• Conditioned by the kinetic energy of the incident EVR, the entrance window foil 
type and thickness and the buffer-gas type and density of the CGSC (only ions 
stopped within the active gas volume of the CGSC can be extracted)

• cannot be tested on-line - relies on simulations, our internal software based on 
SRIM is used

• WHY? – finding reactions, width of entrance window and pressure of buffer-gas 
optimal for real experiment (precious and expensive experimental time)
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4 Stopping Efficiency Simulations
• 1st part of simulations
• Performed by internal software created in Root framework based on 

software SRIM
• Capture coordinates of exact position of stopped and lost particles
• Calculate stopping efficiency
• Creates File of coordinates of exact position of stopped and lost

particles
• Only stopped particles can be extracted



4 Stopped particles in CGSC

3-dimensional graph for cloud of stopped particles (evaporation residua) for isotope 182Hg, pressure of helium buffer 
gas 50 mbar and width of entrance window 4 μm, where stopping efficiency is the highest one. 



Simulation of Stopping Efficiency for  40Ar+144Sm → 184-xnHg
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Energy distribution of mercury 
isotopes of nuclear number 182
to 177.
With decreasing atomic mass 
number of isotope interval of 
energy becomes wider and values 
of energy rises. 

Stopping efficiency dependence on 
entrance window width and pressure 
(density) of helium medium for mercury 
isotopes of nuclear number 179.

This type of graphs is crucial for data 
analysis. For curve of each pressure peak 
of stopping efficiency is found and value 
of efficiency and width of entrance 
window is wrote down for each of 
pressures.

Stopping efficiency dependence on pressure 
(density) of helium medium (left vertical array) 

and on entrance window width and pressure 
(density) of helium medium (right vertical array) 
for mercury isotopes of nuclear number 182 to 

177. 
Right vertical array and horizontal array: 
Entrance window width of maximal stopping 
efficiency dependence on pressure (density) of 
helium medium (right vertical array).
Width of maximal efficiency decreases with rising 
pressure and atomic mass number. 
Optimal width and pressure: width from 3.2 to 
4.2µm and pressure 50 mbar.



5 Time of Flight Simulations
• 2nd part of simulations (after stopping efficiency)
• Trajectory of particles is calculated and graphicaly captured by our

internal software created in Root framework based on SIMION, 
Geant4 and COMSOL

• Simulations are based on file of coordinates of exact position of
stopped particles (it was obtained by previous simulations of stopping
efficiency)

• Performed for 
• alpha source 220Rn
• Isotopes 182Hg, 203Rn, 286Fl, 254No



Time of flight simulations - example
182Hg, 50 mbar, 4 µm



Alpha source 220Rn – TOF, dispersion
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220Rn 50 mbar 50 mm, 
comparison of time of flight with and without Flux 

TOF Mean value 
(ms) SD (ms) dispersion (ms2)

30 mbar Flux OFF 12.51453404 0.285378688 0.081440995

30 mbar Flux ON 11.73141236 0.421594288 0.177742

50 mbar Flux OFF 20.65389362 0.403213911 0.162581
50 mbar Flux ON 18.70496449 0.716435218 0.513279



6 Results
182Hg, 2n chanel of 40Ar+144Sm→184Hg* pressure 30 mbar, comparison of 
GasCellDynamic without and with Flux function
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182Hg, 2n chanel of 40Ar+144Sm→184Hg* 30 mbar, 50 mbar and 70 mbar, 
comparison of GasCellDynamic without and with Flux function 3 μm

TOF dispersionTOF

Pressure 
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TOF dispersion Flux OFF 
(ms2)

TOF dispersion Flux ON 
(ms2)

30 15.03313791 15.31197585
50 57.84081277 57.72603467
70 103.3435233 101.6568256
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7 Conclusion
• Stopping efficiency - relies on simulations, internal software in root framework,

based on SRIM
• Reason of simulations – finding reactions, width of entrance window and 

pressure of buffer-gas optimal for real experiment (precious and expensive 
experimental time)

• Time of Flight - relies on simulations, software in root framework, based on
SIMION, Geant4 and COMSOL

• Average value of TOF increases with decreasing value of distance of alpha 
source (distance from entrance window in direction towards extraction nozzle)

• Average value of TOF decreases with rising gradient on conic electrodes
• Active Gas Flux function (is ON) results in decrease of average value of TOF
• Difference between TOF values increases with rise of pressure value
• This observation is in good agreement with theory, gas dynamics effects are 
stronger for higher values of gas pressure. 
• Dispersion of TOF is higher for activated Gas Flux function than for 

nonactivated Gas Flux function. 
• Values of dispersion of TOF decrease with rising of values of gradient. 



Thank you for your attention. 



Introduction
• Ph.D. Student of Applied physics, Palacky University Olomouc, Czech Republic
• Fifth year
• Supervisor: assoc. prof. Jiří Pechoušek, Ph.D. 
• Joint Institute for Nuclear Research in Dubna, Russia
• Flerov Laboratory 
• From February 2020
• Consultant: Mgr. Ľuboš Krupa, Ph.D. 
• Head of sector: Aleksandr Mikhailovich Rodin, CSc.
• Thesis theme: Properties of heavy and super heavy elements studied by mass 

spectroscopy and ISOL method, Stopping Efficiency Simulation of Cryogenic 
Gas Stopping Cell 



• Mass 
• fundamental property of an atom
• information - its constituents and their interactions, internal structure of the nucleus  
• energy available for nuclear transformations in radioactive decay processes. 

• high-precision mass measurement (HPMM) of heavy and super heavy elements, a new experimental setup 
is being built 

• The setup - parts: target unit; gas-filled separator of complete fusion reaction products; cryogenic gas 
stopping cell (CGSC); a radio-frequency system for transporting and cooling a low-energy beam; and a multi-
reflection time of flight mass spectrometer (MR-TOF MS). 

• CGSC - final slowing down and thermalizing the energy-bunched fragments produced and selected in the Gas 
Filled Separator thermalization - in a volume filled with ultra-pure helium gas at cryogenic temperatures.

• After thermalization - fragments are extracted and transported with a radio frequency quadrupole (RFQ) to 
the MR-TOF MS. 

• The stopping and thermalization of the incoming fusion-evaporation residuals (EVRs) - key step in HPMM 
of the heaviest elements. CGSC has to be as efficient as possible (due to the typically low incoming ion rates 
and low particle integrals). 

• Only the ions that are stopped within the active gas volume of the CGSC can be extracted. The stopping 
efficiencies for EVRs cannot be tested on-line and one have to rely on simulations. To use the CGSC on ion 
beam the optimal entrance window foil thickness for every reaction is necessary evaluate. 

• SRIM software was used 



More about fusion process
Evaporation Residuum
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n During collision of two nuclei, two 
cases can happen. Heavier nucleus can 
capture the lighter one or there can be 
quasi-fission. After quasi-fission two 
new nuclei with two new masses are 
created. In case of capture, one heavier 
nucleus is created. There are two 
possibilities again, compound nucleus 
evaporates neutrons or compound 
nucleus fissions. After compound 
nucleus fission, two nuclei of new 
elements are created. In case of 
evaporation of compound nucleus, 
neutron or neutrons are evaporated. As 
a result, we obtain another isotope of 
element, not new elements like after 
compound nucleus fission. 
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