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Validation of the isotope model in the PENN neural network code using 
European Transport Simulator

SUMMARY
• Isotope extension in the PEdestal Neural Network (PENN) code is validated using JET

experimental data using European Transport Simulator (ETS) integrated workflow.

• Standalone predictions of the pedestal top values of electron density and electron temperature

are obtained.

• Kinetic profile simulations in the plasma core are performed using ETS with TGLF-SAT2

turbulence transport model.

• Reasonable agreement is seen for electron density profiles while electron and ion temperature

profiles are underpredicted that can be caused by the switched off stabilization effects in TGLF

implementation in ETS and by the nature of the edge profile model adopted in PENN (mtanh).

RESULTS

EXPERIMENTAL DATA AND SIMULATION SETUP

• Two H-mode pulses with different isotope content:
#97036 (Deuterium), #98795 (Tritium)

• Similar engineering parameters

Simulation setup

ETS with PENN integrated

Kinetic  experimental profiles

• Core simulations up to 𝜌௧௢௥
௡௢௥௠ = 0.85

• Edge profiles are given by PENN or taken from 
experiment

• Predictive channels: 𝑛௘, 𝑇௘, 𝑇௜

• Quasineutrality: 𝑛௜

• Impurities: Be (to match Zeff), W (to match 
radiation)

• Equilibrium: CHEASE (fixed boundary)

• Core transport: 
 TGLF-SAT2 (electrostatic)
 NCLASS

• Sources:
 NBI Heating: BBNBI,NBISIM
 Radiation: coronal equilibrium
 Ohmic 

Simulation parameters

PENN model (Deuterium)

• Neural network model for prediction of 𝑛௘ and 𝑇௘ at the pedestal top. 
• The profiles of 𝑛௘, 𝑇௘, 𝑇௜, 𝑛௜ at the edge are calculated using modified tanh function
• Model is trained on the Deuterium JET pedestal dataset (Type I ELMy H-modes).
• Small set of (mostly) engineering parameters is used as input. The parameters relevant for 

this work are: plasma current (𝐼௣), total power (𝑃௧௢௧), plasma triangularity (δ), electron density 
at separatrix (𝑛௘

௦௘௣), fueling rate of main ion (Γ), normalized pressure ratio (𝛽ே).
• Free parameters should be prescribed (pedestal width, pedestal bottom values, position of 

the pedestal center).
• Two different neural network (NN) versions are used in this work that differ by the input 

selection:
 NN using 𝐼௣, 𝑃௧௢௧, δ, 𝑛௘

௦௘௣ (nn_nesep)
 NN using 𝐼௣, 𝑃௧௢௧, δ, Γ (nn_gas).

PENN model (isotope extension)

• Model is extended to be able to make predictions for the plasma with different main ion 
isotopes

• Small set of the data from Tritium pulses is used in addition to the main data set for Deuterium 
for extension (transfer learning)

• The best prediction accuracy is obtained for the extension of the type (for electron density):  
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  − electron density at the pedestal top for plasma with given isotope as a main ion

𝑛௘,௣௘ௗ
஽   − electron density at the pedestal top for plasma with Deuterium as a main ion

𝐴௘௙௙  − effective mass
𝑐 − constant

𝑇௘,௣௘ௗ
௧௔௥௚௘௧

𝑛௘,௣௘ௗ
௧௔௥௚௘௧

-0.18±0.150.30±0.16nn_nesep

0.41±0.16nn_gas

c values for different NN versions

For nn_gas model no satisfactory extension model is found for 𝑇௘,௣௘ௗ
௧௔௥௚௘௧ . Therefore, power scaling 

law is used (power_nesep) in the form  

PENN_model, power scaling

 𝑇௘,௣௘ௗ
௧௔௥௚௘௧

= 0.29 ± 0.07 𝑛௘,௦௘௣
ି଴.ଷଽ±଴.ଵଷ𝛽ே
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Deuterium pulse #97036 

Two pulses #97036 (D) and #98795 (T) are used. The following scheme is applied:
• ‘Standalone’ PENN model is used to predict the pedestal top values of electron density and 

temperature using different NN models.
• Edge kinetic profiles are calculated and compared to the experimental data.
• Core profiles are simulated with ETS using PENN prediction or the experimental values (exp_bc) 

as a boundary condition and compared with experimental results.

Standalone PENN

Free parameter values are set:
• Pedestal width (in 𝜌௣௢௟

௡௢௥௠ units):  0.025 
(both 𝑛௘and 𝑇௘) 

• Pedestal bottom values: 
1.0e18 𝑚ିଷ(𝑛௘), 40 𝑒𝑉 (𝑇௘)

• Pedestal center position: 0.99 (𝑛௘), 

0.985 (𝑇௘)

Core profiles

Tritium pulse #98795 

Experimental scenario

Standalone PENN

Free parameter values are set:
• Pedestal width (in 𝜌௣௢௟

௡௢௥௠ units): 0.02 
(𝑛௘), 0.01 (𝑇௘) 

• Pedestal bottom values: 1.0e18 𝑚ିଷ(𝑛௘), 
46𝑒𝑉 (𝑇௘)

• Pedestal center position(in 𝜌௣௢௟
௡௢௥௠ units): 

0.99 (𝑛௘), 0.99 (𝑇௘)

Core profiles

• Slight overprediction of 𝑛௘

• Slight underprediction of 𝑇௘, 𝑇௜

• Good agreement with ETS 
simulations using experimental 
values as boundary conditions 
(exp_bc)

• Reasonable agreement of  𝑛௘

• Underprediction of 𝑇௘, 𝑇௜

• Good agreement with ETS 
simulations using experimental 
values as boundary conditions 
(exp_bc)

PENN pedestal top predictions

Slope inside pedestal top is calculated
using the ‘core’ profiles (𝜌௣௢௟

௡௢௥௠ < 0.92)

Slope inside pedestal top is calculated
using the ‘core’ profiles (𝜌௣௢௟

௡௢௥௠ < 0.94)


