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Summary

• Modeling the non-local electron transport is important for simulating LDD ICF experiments

• The current modified Lee-More model for nonlocal mean free path used in LDD hydrocodes, 

shows discrepancy when compared to experimental observations

• The preliminary stopping power results can be used for developing a global analytical/numerical 

model for the MFP in both CH and DT plasmas, which is expected to improve the hydrocode 

simulations for LDD implosions

TD-DFT calculations of electron stopping range in “conduction zone” plasmas are used to 

improve the modeling accuracy for laser-target coupling in LDD

TD-DFT: Time-Dependent Density Functional Theory

LDD: Laser Direct Drive

ICF: Inertial Confinement Fusion

MFP: Mean Free Path 
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• ICF target: solid DT covered with ablator layer (CH)3, 4

• Laser energy transported to ablation surface by 

electrons - through the conduction zone (CZ)3,4

• Electron thermal transport: way that energy flows 

through the CZ – modeled in rad-hydro codes1,2, 3

• As electrons travel through plasma, they lose energy 

and are deposited in CH or DT 2, 3

• The current model for electron MFP inaccurate 

predicts the path length and causing other systematic 

inaccuracies for quantities (such as the emission 

spectrum) in the hydrocode1, 5, 6,7

There is a clear distinction between simulation and experiment for x-ray self 

emission corresponding to ICF experiments 

Motivation
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• Many analytical methods for SP/ MFP fall short 

－ Use TD-DFT to obtain ESP calculations – relate to MFP 

and globally fit the MFP

• Use SHRED* to probe a variety of density/temperature 

conditions relevant to ICF experiments

－ Take a high energy electron and probe a box of CH 

plasma

－ Measure average force against the electron: 

𝐒𝐩 𝐯𝐩 =<
𝐝𝐄𝐊𝐒

𝐝𝐱 𝐭
>

TD-DFT ab initio calculations of stopping power will improve the calculation for 

electron MFP in ICF relevant conditions 

Motivation / Method

*SHRED: Stochastic and Hybrid Representation Electronic structure by Density functional theory

The stopping power calculations are allowed to run for 

the time it takes for the electron through the box 10x, 

the final measurement is the SP
[1] A. White, L. A. Collins, K. Nichols, S. X. Hu, 2022 J. Phys.: Condens. Matter 34 174001
[2] A. White and L. A. Collins, Phys. Rev. Lett. 125, 055002 (2020).
[3] Y. H. Ding, A. J. White, S. X. Hu, O. Certik, and L. A. Collins, Phys. Rev. Lett. 121, 145001 (2018)
[4] R. J. Magyar, L. Shulenburger, and A. D. Baczewski, Contrib. Plasma Phys. 56, 459 (2016).
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The stopping power of a high energy electron in a CH plasma is calculated for many 

plasma density and temperature conditions and over many velocity values 

SP with respect to Electron Energy  Log – Log SP with respect to Electron Energy 

For each stopping power calculation, we take the average of 

two independent OFMD snapshots

[1] A. White, L. A. Collins, K. Nichols, S. X. Hu, 2022 J. Phys.: Condens. Matter 34 174001
[2] A. White and L. A. Collins, Phys. Rev. Lett. 125, 055002 (2020).

Stopping Power Data
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Using the TD-DFT calculations for the non-local electron MFP, a global analytical 

model can fit the data as a function of temperature, density, and electron energy

𝝀𝒆 = න
𝟎

𝒗𝒑 𝒎𝒗

𝑬𝑺𝑷(𝒗)
𝒅𝒗

Mean Free Path
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The non-local electron MFP  in CH can be fit by a global analytical / numerical model 

that is dependent on the CH density/temperature and the electron energy

MFP Model Formula

• Additional Term: 𝐿 =
𝑐1𝑇

𝜌
𝐿𝑜𝑔(𝑘 + 1)

• Electron energy in keV: 𝒌

• CH density in g/cc: 𝝆

• CH temperature in eV: 𝑻

• The fermi energy in eV: 𝝐𝑭 𝝆 :

• Effective charge: 𝒁𝒆𝒇𝒇(𝝆, 𝑻) =
<𝒁𝟐>

<𝒁>
[1]

• Fitting Parameters: 𝜶, 𝜷, 𝜸, 𝒂𝟎, 𝒃𝟎, 𝒄𝟎, 𝒅𝟎,𝒄𝟏

• Collective effects: Λ𝑪 = 𝑳𝒐𝒈
𝟏.𝟏𝟐𝟑⋅𝒗

𝝎𝒑⋅𝒃𝒎𝒂𝒙
[2]

• Max Impact Parameter 𝒃𝒎𝒂𝒙 = 𝒎𝒂𝒙 𝑹𝒊, 𝝀𝑫

• Plasma frequency:𝝎𝒑

• Interparticle distance 𝑹𝒊:

• Debye Length: 𝝀𝑫

𝝀𝒌 =
𝒌𝟐

𝟒𝝅𝒆𝟒𝒏𝒊
⋅

𝟏

𝐙 ⋅ 𝚲𝑫𝑭𝑻 +< 𝒁 >⋅ 𝚲𝐂
+ 𝑳

𝚲𝑫𝑭𝑻 = 𝒂𝟎 ⋅
𝒌

𝒁𝒆𝒇𝒇

−𝜶

⋅ 𝒅𝟎 ⋅ 𝟏 + 𝒃𝟎 ⋅ 𝒁𝒆𝒇𝒇 + 𝒄𝟎 ⋅ 𝝐𝒇 ⋅
𝑻

𝟒𝟓𝟎

𝜷

⋅
𝝆

𝟎. 𝟒𝟓𝟎

𝜸

⋅ 𝒌𝟏.𝟓
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Mean free path

Coulomb 

Logarithm
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Our newly developed model for MFP can be compared to the current model for 

the MFP used in hydrodynamic codes at the LLE 

CH : 𝟎. 𝟎𝟓 𝒈/𝒄𝒎𝟑, 𝟏𝟎𝟎𝟎 𝒆𝑽 CH: 𝟎. 𝟓𝟎 𝒈/𝒄𝒎𝟑 , 𝟏𝟎𝟎 𝒆𝑽

We see a clear distinction between the current method for 

mean free path used in LILAC and the method discussed here

[1] V. N. Goncharov, O. V. Gotchev, E. Vianello, et al. Phys. Plasmas 13, 012702 (2006)

[2] S.X. Hu, et al. Physics of Plasmas 23, 042704 (2016)

[3] Wolfram Research, Inc., Mathematica, Version 12.1, Champaign, IL (2020).
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Summary

• Modeling the non-local electron transport is important for simulating LDD ICF experiments

• The current modified Lee-More model for nonlocal mean free path used in LDD hydrocodes, 

shows discrepancy when compared to experimental observations

• The preliminary stopping power results can be used for developing a global analytical/numerical 

model for the MFP in both CH and DT plasmas, which is expected to improve the hydrocode 

simulations for LDD implosions

TD-DFT calculations of electron stopping range in “conduction zone” plasmas are used to 

improve the modeling accuracy for laser-target coupling in LDD

TD-DFT: Time-Dependent Density Functional Theory

LDD: Laser Direct Drive

ICF: Inertial Confinement Fusion

MFP: Mean Free Path 
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Thank You!


