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Summary

A comprehensive suite of optical diagnostics on OMEGA provide a 
platform for the study of laser absorption in underdense plasmas

• Absorption can be inferred in well behaved, underdense plasmas by precisely 
measuring incident and transmitted-beam energies

• Backscatter and sidescatter diagnostics are used to confirm that laser–plasma 
instabilities (LPIs) are sufficiently suppressed 

• Initial experiments demonstrate the ability to measure absorption of the order
of 1% to 10% with ±0.2% accuracy

• Imaging Thomson scattering spatially resolves key plasma conditions along the 
propagation length of the absorbed beam under test

These highly resolved measurements experimentally constrain important physical processes 
such as inverse bremsstrahlung heating, the Langdon effect, and the coulomb logarithm
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Careful accounting of input and output mechanisms provides 
a path to infer absorption 

Symbol Mechanism
Approximate
magnitude 
(% of Ein)

Ein Incident laser pulse –
Eabs Inverse bremsstrahlung  1 to 10’s
Etrans Transmitted through plasma 50 to 99
Erefr Refraction/filamentation 0 to 10’s

Escat
Thomson/Rayleigh 

scattering 10–9 to 10–7

ELPI Stimulated Raman/Brillouin 0 to 10’sEin = Eabs + Eout

Eout = Etrans + Escat + Erefr + ELPI

ELPI

Ein

Escat

Etrans

Erefr

EAbs

Plasma



5

Optical instrumentation on multiple lines of sight give a full picture of the plasma 
conditions and potential loss mechanisms
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The P9 Transmitted Beam Diagnostic measures the spatial profile and 
energy of the probe beam after it propagates through the target chamber 

E = 𝜺𝜺 ∑CCDe–
Transmitted energy (J) 

Instrument sensitivity (J at TCC/CCDe–)

Sum of signal (CCD electrons)  
____________
CCD: charge-coupled device
TCC: target chamber center
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In the absence of significant LPI activity, the accuracy of the absorption ratio 
measurement scales with detector precision 

Calibration shot # 𝚺𝚺𝐞𝐞𝒊𝒊𝒊𝒊– × 𝟏𝟏𝟏𝟏𝟗𝟗 𝚺𝚺𝐞𝐞𝒕𝒕𝒕𝒕𝒕𝒕𝒊𝒊𝒕𝒕– × 𝟏𝟏𝟏𝟏𝟗𝟗 𝒌𝒌 (𝒌𝒌– �𝒌𝒌)/�𝒌𝒌

97347 6.728 4.447 1.5127 −0.00094
97350 6.509 4.295 1.5156 +0.00094

Full system on shot calibration stability  

𝑬𝑬𝐚𝐚𝐚𝐚𝐚𝐚 = 𝑬𝑬𝐢𝐢𝐢𝐢 − 𝑬𝑬𝐭𝐭𝐭𝐭𝐚𝐚𝐢𝐢𝐚𝐚 − 𝑬𝑬𝐚𝐚𝐬𝐬𝐚𝐚𝐭𝐭 − 𝑬𝑬𝐭𝐭𝐞𝐞𝐫𝐫𝐭𝐭 − 𝑬𝑬𝐋𝐋𝐋𝐋𝐋𝐋

𝑬𝑬𝐚𝐚𝐚𝐚𝐚𝐚
𝑬𝑬𝐢𝐢𝐢𝐢

= 𝟏𝟏 −
𝜺𝜺𝐭𝐭𝐭𝐭𝐚𝐚𝐢𝐢𝐚𝐚 ∑𝑪𝑪𝑪𝑪𝑪𝑪𝐞𝐞𝐭𝐭𝐭𝐭𝐚𝐚𝐢𝐢𝐚𝐚–

𝜺𝜺𝐢𝐢𝐢𝐢 ∑𝑪𝑪𝑪𝑪𝑪𝑪𝐞𝐞𝐢𝐢𝐢𝐢–

For a no-gas calibration shot 𝑬𝑬𝐢𝐢𝐢𝐢 = 𝑬𝑬𝐨𝐨𝐨𝐨𝐭𝐭
𝜺𝜺𝐭𝐭𝐭𝐭𝐚𝐚𝐢𝐢𝐚𝐚
𝜺𝜺𝐢𝐢𝐢𝐢

=
∑𝐂𝐂𝐂𝐂𝐂𝐂𝐞𝐞𝐢𝐢𝐢𝐢–

∑𝐂𝐂𝐂𝐂𝐂𝐂𝐞𝐞𝐭𝐭𝐭𝐭𝐚𝐚𝐢𝐢𝐚𝐚– = 𝒌𝒌

𝒌𝒌
𝝈𝝈𝒌𝒌
�𝒌𝒌

= 𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏
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Imaging Thomson scattering spatially resolves key plasma conditions* along 
the propagation length of the absorbed beam under test 

Absorption = exp −∫𝜿𝜿 𝐝𝐝𝒍𝒍 , 

with 𝜿𝜿 = 𝝂𝝂𝐞𝐞𝐢𝐢
𝝂𝝂𝐠𝐠

𝝎𝝎𝐩𝐩
𝟐𝟐𝝎𝝎𝐩𝐩

𝟐𝟐

𝝎𝝎𝟐𝟐 𝒇𝒇𝐋𝐋 = 𝝂𝝂𝐞𝐞𝐢𝐢
⁄𝒊𝒊𝐞𝐞 𝒊𝒊𝐬𝐬

𝒄𝒄 𝟏𝟏 − ⁄𝒊𝒊𝐞𝐞 𝒊𝒊𝐬𝐬
𝒇𝒇𝐋𝐋,

𝝂𝝂𝐞𝐞𝐢𝐢 = 2.91 × 10–6 Z* 𝒊𝒊𝐞𝐞𝑻𝑻𝐞𝐞
–𝟑𝟑/𝟐𝟐𝐥𝐥𝐢𝐢𝚲𝚲

____________
* D. Turnbull et al, Nat. Phys. 16, 181 (2020).

** J-P Matte et al., PPCF 30, 1665 (1988).



9

Experimentally measured plasma conditions are fed back into 
the models, providing constraints to physical processes 

Initial experimental results have motivated a more detailed examination of 
models used to calculate the coulomb logarithm. Work on this effort is ongoing. 
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A comprehensive suite of optical diagnostics on OMEGA provide a 
platform for the study of laser absorption in underdense plasmas

• Absorption can be inferred in well behaved, underdense plasmas by precisely 
measuring incident and transmitted-beam energies

• Backscatter and sidescatter diagnostics are used to confirm that laser–plasma 
instabilities (LPIs) are sufficiently suppressed 

• Initial experiments demonstrate the ability to measure absorption of the order
of 1% to 10% with ±0.2% accuracy

• Imaging Thomson scattering spatially resolves key plasma conditions along the 
propagation length of the absorbed beam under test

These highly resolved measurements experimentally constrain important physical processes 
such as inverse bremsstrahlung heating, the Langdon effect, and the coulomb logarithm

Summary/Conclusions
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