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Summary

Focused absorption measurements are constraining the theory of inverse 
bremsstrahlung, which remains ill-defined after nearly a century

• The most reliable way to compute inverse bremsstrahlung absorption remains an open question
－ Is the Langdon absorption-reduction factor correct? 
－ Which Coulomb logarithm to use? 

• We have conducted experiments in which we measure the absorption of a 2ω probe beam that propagates 
through a finite-length preformed plasma while measuring its own path using imaging Thomson scattering

• While the results to date suggest that the Langdon factor is needed and that transport Coulomb logarithms 
can be eliminated from consideration, they cannot adequately distinguish between two remaining theories 
with (unfortunately) completely different physics 

No single current theory provides the level of accuracy desired for predictive simulation capability
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• Absorption rate 𝜿𝜿 = 𝝂𝝂𝐞𝐞𝐞𝐞
⁄𝒏𝒏𝐞𝐞 𝒏𝒏𝐜𝐜

𝒄𝒄 𝟏𝟏− ⁄𝒏𝒏𝐞𝐞 𝒏𝒏𝐜𝐜
𝒇𝒇𝐋𝐋, with 𝝂𝝂𝒆𝒆𝒆𝒆 = 𝟐𝟐.𝟗𝟗𝟏𝟏 × 𝟏𝟏𝟏𝟏−𝟏𝟏𝟐𝟐𝑻𝑻𝒆𝒆

−𝟑𝟑/𝟐𝟐 ∑𝒆𝒆 𝒁𝒁𝒆𝒆𝟐𝟐𝒏𝒏𝒆𝒆 𝐥𝐥𝐥𝐥𝚲𝚲𝐈𝐈𝐈𝐈,𝐞𝐞 , 𝒇𝒇𝐋𝐋 the Langdon factor* 

• Often framed as 𝐥𝐥𝐥𝐥 ⁄𝒃𝒃𝐦𝐦𝐦𝐦𝐦𝐦 𝒃𝒃𝐦𝐦𝐞𝐞𝐥𝐥

• Why care? 

Inverse bremsstrahlung laser absorption is proportional to a logarithmic factor lnΛ𝐈𝐈𝐈𝐈
characteristic of Coulomb collisions, but there is no consensus on its definition

____________
* SI units throughout talk except for temperatures in eV
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We will consider some of the better-known examples to highlight some of the common 
sources of disagreement

Modified Dawson-Oberman*: 𝒍𝒍𝒏𝒏𝜦𝜦𝑰𝑰𝑰𝑰 = 𝒍𝒍𝒏𝒏 𝟐𝟐
𝒆𝒆𝜸𝜸

⁄𝒗𝒗𝑻𝑻 𝝎𝝎

𝐦𝐦𝐦𝐦𝐦𝐦 𝒁𝒁∗𝒆𝒆
𝟒𝟒𝝅𝝅𝝐𝝐𝟏𝟏𝑻𝑻𝒆𝒆

, ħ
𝟐𝟐 𝒎𝒎𝒆𝒆𝑻𝑻𝒆𝒆𝒆𝒆

, with 𝒗𝒗𝑻𝑻 = 𝑻𝑻𝒆𝒆𝒆𝒆
𝒎𝒎𝒆𝒆

, 𝜸𝜸 = 𝟏𝟏.𝟓𝟓𝟓𝟓𝟓𝟓

Lee-More**: 𝒍𝒍𝒏𝒏𝜦𝜦𝐓𝐓𝐓𝐓 = 𝒍𝒍𝒏𝒏 𝝀𝝀𝐃𝐃,𝒆𝒆𝒆𝒆

𝐦𝐦𝐦𝐦𝐦𝐦 𝒁𝒁∗𝒆𝒆
𝟏𝟏𝟐𝟐𝝅𝝅𝝐𝝐𝟏𝟏𝑻𝑻𝒆𝒆

, ħ
𝟐𝟐 𝟑𝟑𝒎𝒎𝒆𝒆𝑻𝑻𝒆𝒆𝒆𝒆

, with 𝝀𝝀𝐃𝐃,𝒆𝒆𝒆𝒆 = 𝝐𝝐𝟏𝟏𝑻𝑻𝒆𝒆𝑻𝑻𝒆𝒆
𝒏𝒏𝒆𝒆𝒆𝒆 𝒁𝒁∗𝑻𝑻𝒆𝒆+𝑻𝑻𝒆𝒆

Dimonte-Daligault †: 𝒍𝒍𝒏𝒏𝜦𝜦𝐓𝐓𝐓𝐓 = 𝒍𝒍𝒏𝒏 𝟏𝟏 + 𝟏𝟏.𝟓𝟓 𝝀𝝀𝐃𝐃,𝒆𝒆
⁄𝒁𝒁∗𝒆𝒆 𝟒𝟒𝝅𝝅𝝐𝝐𝟏𝟏𝑻𝑻𝒆𝒆

, with 𝝀𝝀𝐃𝐃,𝒆𝒆 = 𝝐𝝐𝟏𝟏𝑻𝑻𝒆𝒆
𝒏𝒏𝒆𝒆𝒆𝒆

Devriendt-Poujade‡: 𝒍𝒍𝒏𝒏𝜦𝜦𝑰𝑰𝑰𝑰 = 𝟏𝟏.𝟓𝟓𝟓𝟓 ∗ 𝒍𝒍𝒏𝒏 𝟏𝟏 + 𝟏𝟏.𝟓𝟓 𝝀𝝀𝐃𝐃,𝒆𝒆
⁄𝒁𝒁∗𝒆𝒆 𝟒𝟒𝝅𝝅𝝐𝝐𝟏𝟏𝑻𝑻𝒆𝒆

____________
* J. Dawson & C. Oberman, Phys. Fluids 5, 517 (1962);

J. M. Dawson, Phys. Fluids 7, 981 (1964);
T. W. Johnston & J. M. Dawson, Phys. Fluids 16, 722 (1973); 
NRL Plasma formulary;
L. Oster, Rev. Mod. Phys. 33, 525 (1961);
S. Skupsky, Phys. Rev. A 36, 5701-5712 (1987);
R. E. Kidder, Proc. Int. Sch. Phys. Enrico Fermi, Phys. HED (1971).

** Y. T. Lee & R. M. More, Phys. Fluids 27, 1273 (1984).
† G. Dimonte J. Daligault, Phys. Rev. Lett. 101, 135001 (2008).
‡ R. Devriendt O. Poujade, Phys. Plasmas 29, 073301 (2022).

Key questions: 
1) 𝒃𝒃𝐦𝐦𝐦𝐦𝐦𝐦: ⁄𝒗𝒗𝐓𝐓 𝝎𝝎𝐏𝐏 ≡ 𝝀𝝀𝐃𝐃,𝐞𝐞 versus ⁄𝒗𝒗𝐓𝐓 𝝎𝝎?
2) Ion contribution to Debye shielding?
3) Correct numerical factors?
4) Classical and quantum limits?
5) Validity for non-Maxwellian electron 

distribution functions? 

Classical

Q. M. 
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• Langdon absorption-reduction factor: 𝒇𝒇𝑳𝑳 = 𝟏𝟏 − 𝟏𝟏.𝟓𝟓𝟓𝟓𝟑𝟑
𝟏𝟏+ ⁄𝟏𝟏.𝟐𝟐𝟓𝟓 𝜶𝜶 𝟏𝟏.𝟓𝟓𝟓𝟓 , with 𝜶𝜶 = 𝒁𝒁𝒗𝒗𝒐𝒐𝒐𝒐𝒄𝒄𝟐𝟐

𝒗𝒗𝒕𝒕𝒕𝒕
𝟐𝟐

• From Fokker-Planck**, electron distribution functions (EDFs) span 𝟐𝟐 < 𝒎𝒎 < 𝟓𝟓: 𝒎𝒎 𝜶𝜶 = 𝟐𝟐 + 𝟑𝟑
𝟏𝟏+𝟏𝟏.𝟔𝟔𝟔𝟔/𝜶𝜶𝟏𝟏.𝟓𝟓𝟐𝟐𝟒𝟒

－ “consistent with 𝒇𝒇𝑳𝑳 to within 1% for any 𝜶𝜶”

• Thomson-scattering data have validated 𝒎𝒎 𝜶𝜶 †, but not yet 𝒇𝒇𝑳𝑳

Coulomb logarithms typically assume Maxwellian distribution functions, but separately 
Langdon found that laser heating produces non-Maxwellians that reduce absorption

____________
* A B Langdon, Phys. Rev. Lett. 44, 576 (1980).

** J-P Matte et al., Plas. Phys. & Cont. Fus. 30, 1665 (1988). 
† D. Turnbull et al., Nature Physics 16, 181 (2020);

A. L. Milder et al., Phys. Rev. Lett. 127, 015001 (2021).
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We have executed a number of campaigns over the last several years focused on 
measuring absorption through well-characterized underdense plasmas

2ω B25 TS probe, 
1-3J, 100 ps picket

Wedge 
pickoff

Incident energy detector

Transmitted beam 
diagnostic (TBD)

13 preheating beams 
(30-200 J/beam in 
500ps-sq. pulse) 

Full-aperture 
backscatter 
diagnostic

Imaging 
Thomson 
scattering

Gas jet

• (1) Preform ~spherically-symmetric plasma

• (2) Measure plasma conditions along probe 
path

• (3) Precisely measure transmission (i.e., 
absorption), to within ±0.05%

• Avoid competing instabilities*

____________
* e.g., filamentation, return-current instability, SBS, SRS
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Special emphasis was placed on measuring (or at least reasonably extrapolating) 
the full probe path through the plasma 

The absorption calculations are thus highly constrained
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Results suggest the Langdon factor is needed and that transport Coulomb 
logarithms can be eliminated, but no theory matches all data to within 10%

• All predictions overestimate 
absorption without 𝑓𝑓𝐿𝐿

• With 𝑓𝑓𝐿𝐿, transport Coulomb 
logarithms can still be eliminated

• D.-O. does well for classical 
absorption, less well for quantum-
mechanical 

• But D.-P. also brackets the data 
with and without 𝑓𝑓𝐿𝐿

A 4th (!) shot day in November will be dedicated to obtaining more data in H2 (testing q.-m. 
limit) and to performing density scans (to break the degeneracy between D.-O. and D.-P.) 

2

Pr
ed

ic
te

d/
M

ea
su

re
d 

R
at

io

0.5

1

1.5

2.5

2

Measured Absorption (%)
0 2 31 4

Results with Langdon Results without Langdon

  

 

  
 

  

 

Dawson-Oberman
Lee-More
Dimonte-Daligault
Devriendt-Poujade

  
 

2.06±0.36

1.5±0.22

2.06±0.34

1.13±0.19

Average 
ratios

0.5

1

1.5

2.5

2

3

102727 99395 102737

H2

Measured Absorption (%)
0 2 31 4

1.57±0.18

1.14±0.16
1.57±0.25

0.87±0.14



10

Radiation-hydrodynamics codes at LLE (LILAC, DRACO) and LLNL (HYDRA, 
LASNEX) were using Lee-More, so we expect substantial implications for ICF

The intention is to substitute an improved model once further 
experiments discriminate between the remaining contenders

Dawson-Oberman : Lee-More
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Summary / Conclusions

Focused absorption measurements are constraining the theory of inverse 
bremsstrahlung, which remains ill-defined after nearly a century

• The most reliable way to compute inverse bremsstrahlung absorption remains an open question
－ Is the Langdon absorption-reduction factor correct? 
－ Which Coulomb logarithm to use? 

• We have conducted experiments in which we measure the absorption of a 2ω probe beam that propagates 
through a finite-length preformed plasma while measuring its own path using imaging Thomson scattering

• While the results to date suggest that the Langdon factor is needed and that transport Coulomb logarithms 
can be eliminated from consideration, they cannot adequately distinguish between two remaining theories 
with (unfortunately) completely different physics 

No single current theory provides the level of accuracy desired for predictive simulation capability
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Absorption measurements are enabled by calibration shots through vacuum and >full-
aperture transmitted beam collection

2ω B25 TS probe

Wedge pickoff

TBD 
99397 Transmitted Beam Diagnostic

500 1000 1500 2000

500 

1000

1500

2000

99397 GED

500 1000 1500 2000

500 

1000

1500

2000

𝚺𝚺𝟐𝟐

𝚺𝚺𝟏𝟏

99391 GED

500 1000 1500 2000

500 

1000

1500

2000

99391 Transmitted Beam Diagnostic

500 1000 1500 2000

500 

1000

1500

2000

𝚺𝚺𝟏𝟏’

𝚺𝚺𝟐𝟐’

𝑨𝑨 = 𝟏𝟏 −
Σ𝟐𝟐′

Σ𝟏𝟏′ ⁄Σ𝟐𝟐 Σ𝟏𝟏

Incident energy 
detector

Cal. shot through vacuum Data shot

• Estimated uncertainty in 
absorption is  ±0.05%
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There were two primary configurations, with the predominant campaign variables being 
heater beam energy, gas composition, and probe timing 

CH4

IDI300s 
(200~300 µm)

100 µm, 0.6 ns
(after heaters)

Thomson volume

.45N2/.55H2 or
H2

SG5s (~700 
µm)

165 µm, 
0.3 ns (during) or 
0.6 ns (after)

Thomson volume

1 mm

1 mm

1 mm

1.5 mm
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