
  

  
 

 
   

UR. 
LLE 

... 
528 

8 
; 1200 0.023 
0 
C. 

527.5 7 ca 1000 
E 

0.02 - ... 
E 527 6 

Cl) 

C: .c: 800 - I-
.c: 'ii, 0.017 - 5 'E .: 
g> 526.5 

Cl) 600 
C: 

:::I 3': -
~ 

0 C: 
u 0 <-o 

Cl) 4 :g C. 0.014 
> ;: 526 ~ 400 ns 

3 Cl) 
C. 

525.5 
Cl) 200 0.01 
C) 

2 ns ... a 
Cl) a 

525 1 ~ 0 0 

0 500 1000 1500 2000 2500 0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 

Time (ps) ()T 

Measurements of the Return-Current Instability with Ion-Acoustic Thomson 
Scattering 

63rd Annual Meeting of the American Physical 
A. L. Milder Society Division of Plasma Physics 
University of Rochester Pittsburg, PA 
Laboratory for Laser Energetics 8-12 November 2021 

1 



        

    

     

   

   

LLE 

Summary 

Ion acoustic waves driven by return current instability (RCI) have been observed 

• Return current instability was driven by a temperature gradient at the edge of the plasma 

• EPW Thomson scattering measurements of plasma conditions at multiple radial locations agree with 
predictions 

• RCI threshold is being investigated by comparing IAW growth rates 

Initial analysis show the threshold for the instability 
at δT≈0.012 
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Return Current Instability (RCI) is caused by a cold current returning to the hot 
region to neutralize the heat flux 
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Electrons appear to be drifting relative to the ions, enhancing fluctuations along 
the drift 

𝝀𝒆𝒊 
= 𝛁𝐥𝐧(𝐓𝐞)𝜹𝑻 = 𝝀𝒆𝒊 𝑳𝑻 
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Ion-acoustic wave Thomson-scattering was used to measure 
the wave amplitude as a function of temperature gradient 
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The temperature gradient and heat flux were controlled by varying the TS 
position radially 

11x SG5-650, 200 J/beam Pumps: 1.0 ns 

6 

Hot Region 

Cold Plasma 
or gas 

qflux 

qreturn 

kiaw 

kepw 

Probe: 100 um, 2.5 J/beam 2.0 ns 



  
 

650 

1600 

600 1400 

e 1200 

.S..550 
1000 .c -C) 

C 
Q) 800 
ai 500 > 
i 600 

450 400 

200 

400 0 
-500 0 500 1000 1500 2000 2500 

Time (ps) 

w ll 

tw Roci-IESTER 

0.7 

-> Cl) 0.6 
~ -e :::, 0.5 -ca ... 
Cl) 

0.0.4 
E 
~ 
C 0.3 
0 ... -u 
~ 0.2 
w 

0.1 

~----------------- 0.35 

0 500 1000 
Time (ps) 

1500 

-C? 
E 

0.3 u 
0 
N 
0 .... -0.25 >, 
:t::: 

0.2 

"' C 
Cl) 

C 
C e -u 
Cl) 

0.15 jjj 

2000 

UR 
LLE 

Electron plasma wave Thomson scattering allowed measurement of plasma 
conditions as a function of time 

7 



  
 

650 
Shot: 101677: TS: Thruput corrected 

0.7 

'?.-... 0.2 
E 
CJ 

0 
N 
c:, .... 
;:o.1s -·u; 
C 
Cl) 

C 

2 0.1 -CJ 
.!!! 
w 

600 

e 
.S..550 
.c -C) 
C 
Q) 

ai 500 > 
i 

450 

400 
-500 0 500 

' 

1000 
Time (ps) 

1 

-N 

0.8 5 
i 

II') 

0.6 ... c:, 

~ 

~ 0.4 ·u; 
C 
.! 

'' .. -- 1- - - - '0.2 

C 

0.05 ~-~--~-~--~-~-~ 0 
0 200 400 600 800 1000 1200 

Radius (µm) 

1500 2000 

> Cl> 0.6 
C. 
Cl) 

:i 0.5 -E 
Cl) 

c.. 0.4 
E 
i! 
C 0.3 
e 
ti 
.!!! 0.2 
w 

2500 

1600 -> 
1400 

Cl) 0.6 
~ -

1200 e :::, 0.5 -ca 
1000 ... 

Cl) 

800 
0.0.4 
E 
~ 

600 c: 0.3 
0 ... 

400 -(,) 
~ 0.2 

200 w 

0 0.1 

I 

, , -[ 1-1-~ -I 
i \ 

,l i ' 

J i 1 

i 

0 500 1000 
Time (ps) 

0.1 ~-~--~--~--~--~--~ 
0 200 400 600 800 1000 1200 

Radius (µm) 

UR 
0.35 LLE 

-C? 
E 0.3 (,) 

0 
N 
0 .... -0.25 >, 
:t::: 

"' C: 
Cl) 

0.2 C 
C: 
0 ... -(,) Cl) 

0.15 jjj 

1500 2000 

1/ 

Electron plasma wave Thomson scattering allowed measurement of plasma 
conditions as a function of time and space 

8 



    

527.5 
Shot : 101678 : TS : Thruput corrected 

527 

-E 
S52s.5 
.c: -Cl 
C: 
.S! 
G) 526 > cu 

== 
525.5 

525 
-500 0 500 1000 1500 2000 2500 

Time (ps) 

- 4 ~ 10 x10 
C: 

800 ::l 

.0 
700 

I,. 8 ca -Cl) 
600 "C 

::l 6 
~ 

500 C. 
E 4 ca 400 
Cl) 

> 
300 ca 2 3: 

CJ 
200 ;. 

fl) 0 ::l 
100 0 

CJ 
ca 
I -2 0 C: 
0 -500 0 

l-3soµml 

500 1000 1500 2000 2500 
Time (ps) 

LLE 

Ion-acoustic wave Thomson scattering shows waves driven by return current 
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Initial analysis show the threshold for the instability 
at δT≈0.012 
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Summary 

Ion acoustic waves driven by return current instability (RCI) have been observed 

• Return current instability was driven by a temperature gradient at the edge of the plasma 

• EPW Thomson scattering measurements of plasma conditions at multiple radial locations agree with 
predictions 

• RCI threshold is being investigated by comparing IAW growth rates 

Initial analysis show the threshold for the instability 
at δT≈0.012 
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