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Omega single-pusher design
▬ PdV
▬ radiation
▬ thermal conduction
▬ alpha deposition
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Summary

Radiation trapping in high-Z pushered implosions is effective in reducing the 
energy required for ignition

• Thermal conduction losses from the hot spot in high-Z 
pushered implosions are negligible

• The condition for effective radiation trapping by high-Z pushers is 

𝑹𝑹𝐡𝐡𝐡𝐡 ≫ 𝒙𝒙𝟎𝟎 ≫ 𝒍𝒍𝐑𝐑𝐨𝐨𝐨𝐨𝐨𝐨*

• Single-shell cryo-layered high-Z pushered design is developed as a surrogate for 
multiple-shell NIF desings to study the radiation trapping on Omega

• Future work will include stability optimization using density graded W-Be shells and 
sensitivity studies to preimposed shell modulations

* 𝑹𝑹𝐡𝐡𝐡𝐡 − DT hot spot radius
𝒙𝒙𝟎𝟎 − Marshak or ablative heat wave width
𝒍𝒍𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑 − Rosseland photon mean free path

Related talk R. Epstein et al., JO04:00010, this session
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Direct-drive double shell* (D3S) implosion was used to study the hot spot  energetics 

No CBET and no nonlocal thermal transport

CH 
foam

15 mg/cm3

W 19.4 g/cm3

DT 0.2 g/cm3
325µm

40µm

1200µm

70µm

Be 1.84 g/cm3

*  S. H. Hu et al., Phys. Rev. E 100, 063204 (2019).
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Radiation trapping in high-Z pushers reduces the energy required for ignition

▬ normal
▬ DT radiation lost
▬ DT radiation trapped

∆E

▬ PdV
▬ radiation
▬ thermal conduction
▬ alpha deposition

Specific powers in DT hot spot
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The radiation trapping is effective when 𝑹𝑹𝐡𝐡𝐡𝐡 ≫ 𝐱𝐱𝟎𝟎 ≫ 𝒍𝒍𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑

𝑹𝑹𝐡𝐡𝐡𝐡 − DT hot spot radius
𝒙𝒙𝟎𝟎 −Marshak or ablative heat wave width
𝒍𝒍𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑 − Rosseland photon mean free path

**

𝑹𝑹𝐡𝐡𝐡𝐡 ≫ 𝐱𝐱𝟎𝟎 − internal energy in the Marshak/ablative wave ≪ hot spot energy
𝐱𝐱𝟎𝟎 ≫ 𝒍𝒍𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑 − the radiation is trapped since radiation flux 𝑭𝑭𝐑𝐑 ~ 𝝈𝝈𝐒𝐒𝐒𝐒𝑻𝑻𝟒𝟒

𝒍𝒍𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑
𝐱𝐱𝟎𝟎

*
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*   R. Epstein et al., JO04:00010, this session
** AOT: astrophysical opacity tables

W. F. Huebner et al., Los Alamos National Laboratory, Los Alamos, NM, Report LA-6760-M (1977);
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Adding cryo DT tamper layer to Omega single-pusher prevents high-Z material 
from releasing into gas and becoming part of the hot spot

CH 1.07g/cm3

W 19.4 g/cm3

DT ice 0.25 g/cm3, 0.2%Ar

375µm

5µm
0.32µm
21µm

25kJ, 2ns square pulse
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Adding Argon to DT enhances the radiation from the hot spot, making the implosion 
performance sensitive to radiation losses

● normal
● DT radiation lost
● DT radiation trapped

▬ PdV
▬ radiation
▬ thermal conduction
▬ alpha deposition



9

Summary/Conclusions

Radiation trapping in high-Z pushered implosions is effective in reducing the 
energy required for ignition

* 𝑹𝑹𝐡𝐡𝐡𝐡 − DT hot spot radius
𝒙𝒙𝟎𝟎 − Marshak or ablative heat wave width
𝒍𝒍𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑 − Rosseland photon mean free path

Related talk R. Epstein et al., JO04:00010, this session

• Thermal conduction losses from the hot spot in high-Z 
pushered implosions are negligible

• The condition for effective radiation trapping by high-Z pushers is 

𝑹𝑹𝐡𝐡𝐡𝐡 ≫ 𝒙𝒙𝟎𝟎 ≫ 𝒍𝒍𝐑𝐑𝐨𝐨𝐨𝐨𝐨𝐨*

• Single-shell cryo-layered high-Z pushered design is developed as a surrogate for 
multiple-shell NIF desings to study the radiation trapping on Omega

• Future work will include stability optimization using density graded W-Be shells and 
sensitivity studies to preimposed shell modulations
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Heat conduction in high-Z materials is through radiation

*   S. Atzeni and J. Meyer-ter-Vehn, The Physics of Inertial Fusion (Clarendon Press, Oxford, 2004)
** AOT: astrophysical opacity tables

W. F. Huebner et al., Los Alamos National Laboratory, Los Alamos, NM, Report LA-6760-M (1977);

Spitzer electron thermal conduction flux:*

𝑸𝑸𝐒𝐒 = −χ𝐒𝐒∇ 𝑻𝑻, where

𝝌𝝌𝐑𝐑 =
𝟏𝟏𝟏𝟏
𝟑𝟑

𝒍𝒍𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝝈𝝈𝐒𝐒𝐒𝐒𝑻𝑻𝟑𝟑

𝝈𝝈𝐒𝐒𝐒𝐒 is Stefan-Boltzmann constant
𝒍𝒍𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑 is Rosseland mean free path

Radiation flux when 𝑻𝑻𝐫𝐫 = 𝑻𝑻:*

𝑸𝑸𝐑𝐑 = −χ𝐑𝐑∇ 𝑻𝑻, where

𝝌𝝌𝐒𝐒 =
𝟖𝟖/𝝅𝝅

𝟑𝟑
𝟐𝟐

(𝟏𝟏 + 𝟑𝟑.𝟑𝟑/𝒁𝒁)
𝒌𝒌𝐁𝐁𝑻𝑻 𝟓𝟓/𝟐𝟐𝒌𝒌𝐁𝐁

𝒁𝒁𝒆𝒆𝟒𝟒𝒎𝒎𝟏𝟏/𝟐𝟐𝐥𝐥𝐥𝐥𝐥𝐥

𝒎𝒎 is electron mass𝒆𝒆 is electron charge,
𝒌𝒌𝐁𝐁 is Boltzmann constant,𝒁𝒁 is ionization state

𝐥𝐥𝐥𝐥𝐥𝐥 is Coulomb logarithm



11

Thermal conduction losses from the hot spot in high-Z pushered implosions are 
negligible

▬ normal
▬ DT thermal conduction trapped
▬ DT thermal conduction leaked
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