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 Multinucleon-transfer 
(MNT) reactions studies for 
exploring nuclear structure
close to N = 126 
@ University of Jyväskylä
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boundary conditions – no slip.

Transport of Diluted Species: 

convection and diffusion. 
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Initial gas cell design

6

Gas inflow

Gas outflow

(exit diameter of 1.2 mm)

Gas cell design had to be optimized to enable more efficient and fast

transportation

’jet’-like structure and 

recirculation region

are visible
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Laminar Flow: 

compressible flow;

boundary conditions – no slip.

Transport of Diluted Species: 

convection and diffusion. 
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Temperature T0 = 300 K
Exit diameter of 1.2 mm
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Optimization of gas cell design using CFD Module
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Gas inflow

Gas outflow

(exit diameter of 1.2 mm)

Optimization of gas cell design using CFD Module
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Obstacle

Honeycomb

structure

More uniform flow structure

Velocity magnitude (m/s)

Velocity field, x component (m/s)
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Outlook

1. Experimental and numerical characterization of efficiency of ion survival

More tests: 
- cooling gas cell to cryogenic temperatures
- evacuation time measurements

More numerical calculations in CFD Module
- include other losses factors, e.g. ion losses due to recombination?
- evacuation time calculations
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short live-times (< 1 s)  sensitive, 
efficient and fast technique is needed

+ 
 High spectral resolution to unmask 

nuclear structure                        
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Supersonic jets formed by de Laval nozzles
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CFD Module

High Mach Number Flow: 

turbulence model type – none;

boundary conditions – no slip;

flow conditions for the outflow –

supersonic.

Argon

Temperature T0 = 300 K
Pressure P0 = 300 mbar
Nozzle throat diameter of 1 mm
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Laser laboratory
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Jet laboratory

Gas cell chamber

ICCD camera Laval nozzle

IGLIS Gas Cell

0.5 𝐦

Inside gas cell chamber
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Validation of PLIF-spectroscopy
Mach disk position and density drop in the expansion zone

S. Crist , M. Sherman and D.R. Glass, AIAA Journal Vol. 4, No. 1, 68 - 71 (1966)

H. Ashkenas, M. Sherman, Rarefied Gas Dynamics, Academic. Press, 1965, p. 94

P. L. Owen and C. K. Thornhill, in Aeronautical Research Council Reports and Memoranda (1948)
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Validation of PLIF-spectroscopy
Mach disk position and density drop in the expansion zone

xM
d∗

= 0.67 ∗
𝑃0
Pbg

S. Crist , M. Sherman and D.R. Glass, AIAA Journal Vol. 4, No. 1, 68 - 71 (1966)
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 good agreement between this work 

and previous experiments and 

analytical solutions
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• At extreme cases of pressure mismatch, formation of long jets required for high-

efficient in-jet ionization is not possible

• Diameter of non-uniform jet will vary along its length  higher requirements on laser

energy
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L

Jets formed by de Laval nozzle
Narrowband PLIF-spectroscopy of 63,65Cu

Central line of underexpanded jet (Pbg < Popt)
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CFD Module

PLIF
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L

Jets formed by de Laval nozzle
Narrowband PLIF-spectroscopy of 63,65Cu

Central line of quasiuniform jet (Pbg ≈ Popt)
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Quasiuniform jet

CFD Module

PLIF
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 Supersonic gas jets were characterized using PLIF-spectroscopy setup constructed at KU Leuven
 Partial agreement was reached between experimental results and numerical calculations in CFD

Module for jet’s flow parameters

Conclusions
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