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= Motivation =

« Various systems of pellet and massive gas injection are routinely
used in disruption studies on DIII-D

 Runaway electron (RE) plateau experiments are usually
triggered by Ar killer pellets:

— Very reliable RE plateau generation
 Disruptions triggered by Ar MGil:
— 60-70% success rate of RE plateau generation

« There is no clear explanation of such results

Diln-D A. Lvovskiy/TSDW/July 2018
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Formation of RE plateau in DIII-D using

Ar MGI can be a hard thing: Example
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OK
no RE plateau

RE plateau experiment in May 2018
« triggered by Ar MG
« 60% success rate
 hardware issues are not included

A. Lvovskiy/TSDW/July 2018



Formation of RE plateau depends on amount of injected Ar

2% More Ar injected -
Z 12 - O O M M. higher success of RE
= plateau formation
a o\d
- AR
-1l @ _
- S M No plateau
-Iu 2x ¢ RE plateau
E 2x 2x 2x
% 0.8 BN ¢ ¢ ¢

0 50 100 150
Ar qty [torr-1]
Din-D
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Formation of RE plateau depends on amount of injected Ar

2% More Ar injected -

—12) = O O M B higher success of RE
= plateau formation
- o°
- AQ
= 1y @’ | Large pre-disruption
= S H No plateau gep P
-Iu 2x & RE plateau plasma current
E 2x 2x 2x | increases the Ar

0.8 WH ¢ ¢ ¢ threshold

0 50 100 150
Ar qty [torr-1]
Diln-D
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Formation of RE plateau depends on amount of injected Ar

2% More Ar injected -
Z 12 - O O M M. higher success of RE
= plateau formation
a o°
[ \@C’K\ 1L di ti
w R B No plateau arge pre-disruption
-|= 2x ’ RE plateau p|ClsmCI Currenf
£ 2x 2x 2x | increases the Ar
0.8/ Wm ¢ ¢ ¢ 1 threshold
0 50 100 150

Ar qty [torr-1]
Can both

dependencies be
explained?

Diln-D A. Lvovskiy/TSDW/July 2018
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= Key diagnostics =

- DIlI-D is equipped with many world-class diagnostics
« Some diagnostics are not common among machines

« Gamma Ray Imager and lon Cyclotiron Emission diagnostic
(measures fast magnetic fluctuations) are essential for RE studies

Diln-D A. Lvovskiy/TSDW/July 2018

7 MTJDN.HL FUEF-D.I".I' FACILITY



Bremsstrahlung radiation provides information on

energy and distribution of REs

* Yy rays are emitted in cones
based on RE energy

* fe(E;, E,) produces unique
bremsstrahlung spectrum

Dil-D

8 MTJIJN.CIL FUE!-D.I".I' FACILITY A' LVOVSkiY/TS DW/JUIY 201 8



DIll-D gamma ray imager (GRI) provides

2D view of RE bremssirahlung emission

pinhole

array of
BGO
detectors sightlines

=

R

for scale

lead collimator block

* GRl is a pinhole camera

 Its array consists of gamma scintillator
detectors (up to 123 places)

* Body and collimator block are made of

lead (= 190 kg)
Pace et al. RSI 2016

Diln-D A. Lvovskiy/TSDW/July 2018
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DIll-D gamma ray imager (GRI) provides

2D view of RE bremssirahlung emission

BGO detector

__Aluminium
] housing

pinhole

Preamplifier
+—Photodiode

BGO crystal

&

array of
BGO
detectors

. for scale
| Aluminium

= housing

R

for scale

lead collimator block

* GRl is a pinhole camera
 Its array consists of gamma scintillator
detectors (up to 123 places)

* Body and collimator block are made of

lead (= 190 kg)
Pace et al. RSI 2016
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DIll-D gamma ray imager (GRI) provides

2D view of RE bremssirahlung emission

pinhole

array of
BGO

detectors sightlines

B
—
forscale

lead collimator block

* GRl is a pinhole camera
 Its array consists of gamma scintillator
detectors (up to 123 places)

* Body and collimator block are made of

lead (= 190 kg)
Pace et al. RSI 2016

BGO detector

] housing

__Aluminium

Preamplifier
+—Photodiode

BGO crystal Q

for scale

Aluminium

housing

Collimator Block
Toroidal Field Coil

Dil-D A. Lvovskiy/TSDW/July 2018 ewaTa

LT DIII-D toroidal cross-section




Bremsstrahlung specira can be found

using pulse height analysis. Example: QRE shot

GRl signal [V]

 Time traces are comprised of pulses
from distinct gamma particles

Diln-D A. Lvovskiy/TSDW/July 2018
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Bremsstrahlung specira can be found

using pulse height analysis. Example: QRE shot

Pulses over time windows

15WWWVWMW pulse
: 171 height

>
© 1.0 L T=6326 ms]
< ' MWMWWMMMMM
D
%] L ]
T 0.5 B WIS
O i 1
00k T=2128 ms-
I R R SR R
0.0 0.2 0.4 0.6 0.8 1.0

Time (ms)

 Time traces are comprised of pulses
from distinct gamma particles

« Gamma particles are analyzed via
pulse height analysis (PHA)

Diln-D A. Lvovskiy/TSDW/July 2018
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Bremsstrahlung specira can be found

using pulse height analysis. Example: QRE shot

Pulses over time windows

15WWWVWMW pulse
: 171 height

0-5 It et o g

GRl signal [V]

00 02 04 06 08 10
Time (ms)

Histogram of pulse heights

 Time traces are comprised of pulses
from distinct gamma particles

« Gamma particles are analyzed via
pulse height analysis (PHA)

« Bremsstrahlung spectrum hardens in
. L E

the course of time = | \

100<_— helghi |

more high- 3
energy
gammas

pulse

1 20 30 40
O Y ray eonergy (MeV)

Cooperet al.RSI 2016
Dill-D A. Lvovskiy/TSDW/July 2018
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Bremsstrahlung specira can be found

using pulse height analysis. Example: QRE shot

Pulses over time windows

15MM“WWW\/WMW pulse
: 171 height

0-5 It et o g

GRl signal [V]

00 02 04 06 08 10
Time (ms)

Histogram of pulse heights

 Time traces are comprised of pulses

H H ° 103: . .3
from distinct gamma particles : g\:;; ;\llgh
« Gamma particles are analyzed via gammas

pulse height analysis (PHA)

« Bremsstrahlung spectrum hardens in
. L
the course of time = oulse

- This talk is about RE plateau, though 100_‘_' height | \ .
PHA iechnique is the same 0 10 Y rayzeonergy (3I</(|)eV) 40

Cooperet al. RSI 2016
Dill-D A. Lvovskiy/TSDW/July 2018
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Measurements during the RE plateau regime

are challenging

« Gamma flux due to

bremsstrahlung emission is - ‘ ‘
higher by 103-10%in RE 60 BGO+MPCC
(p;:Eequ regime compared to % . BGOLPIN
()
O
« BGO detectors are usually S 55
saturated after the disruption S i
* New LYSO+MPPC detectors 0 | HISO+MPPC

are capable to measure 0 5 10 15 20 25

during the post-disruption time [ps]

stage . ' Response of gamma detectors
Collaboration with to a single gamma_pulse

U. Milano-Bicocca

Diln-D A. Lvovskiy/TSDW/July 2018
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Whistler waves were discovered in QRE regime - need

to pay close attention to plasma kinetic instabilities

150

Dil-D
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At [ms]
Whistler waves in

QRE shot in DIII-D
Spong et al. PRL 2018

Energetic REs can lead to the
excitation of plasma waves

Plasma waves can increase
the dissipation of REs

New paths to mitigate RE
generation via induced
kinetic instabilities could be
discovered

Measurements of high-
frequency magnetic
fluctuations are necessary
during RE experiments

A. Lvovskiy/TSDW/July 2018



Two outboard mid-plane systems detect

high-frequency toroidal magnetic field fluctuations

ICE diagnostic on DIIlI-D
System 1: 2015 ICRF antenna in

receiver mode
— QOuter straps regularly digitized

ICE System 1: Antenna Straps

System 2: 2017 B, RF Loops
— 2 loops regularly used
— Incorporated into carbon tiles ICE Bandpass Antenna

ICE Systern 20 o
Magnetic Ldopg
[ S

Another tile antenna used with
bandpass filters

Watson and Heidbrink RSI 2003 - -
Thome et al. RSI 2018 (accepted]  Le2 “"'H 225 l Ak 240°

Diln-D A. Lvovskiy/TSDW/July 2018
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= Scenario of experiment =

1.2 J ~ Plasma.
go.a curren’r_ . ArMGI
o RE plateau « Aramount 10-150 torr’l

* Plasma current 0.8 and 1.2 MA

* (Delayed D, puff to “purge” Ar,
reduce plasma resistivity
and achieve long-lived RE plateau)

#177035

0 20 40
’r-tms [ms]

Ar MGl

| "L L el " 4 A. Lvovskiy/TSDW/July 2018
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= Scenario of experiment =

1.2 J - Plasmal
< current
3 0.8
o RE plateau

OF----f-——-=--------—-—-—----
o Line
a0} density;
‘©
A
[}
5 0 ?2 prf :
Loop
> 20
Q
[}
i)
-}
Y #177035]
0 20 40
’r-tms [ms]
Ar MGI

« Ar MGI
« Aramount 10-150 torr’l
* Plasma current 0.8 and 1.2 MA

* (Delayed D, puff to “purge” Ar,
reduce plasma resistivity
and achieve long-lived RE plateau)

This talk is about RE plateau
formation

| "L L el " 4 A. Lvovskiy/TSDW/July 2018

20 MNATIONAL FUSION FACILITY
SAN DIEGD



RE losses during CQ might be the reason of plateau failure

192 " #177028]
. . #177030
« RE plateau is not formed every Tos ' Plasma |
time: = | current RE plateau
50torrl Ar - noREplateau = \
130 torr'l Ar - RE plateau O~ - - T -
0o 2 4 & 8 10 12
-t [ms]

Dil-D
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RE losses during CQ might be the reason of plateau failure

RE plateavu is not formed every
time:

50 torr'l Ar - no RE plateau
130 torr'l Ar - RE plateau

Large Ar injection leads to
quick RE plateau build-up

Dil-D

22 MTJDNIIL FUEHJN FACILITY

Ip [MA]

HXR - GRI [mV]

" #177028)
#177030
' Plasma |
current RE plateau
Confined and
_lost REs
0 4 & 8 10 12
’r-’rDis [ms]

A. Lvovskiy/TSDW/July 2018




RE losses during CQ might be the reason of plateau failure

19 " #177028]
. . #177030
« RE plateau is not formed every Tos ' Plasma |
time: = | current RE plateau
50 torrrl Ar - no RE plateau =
130 torr'l Ar - RE plateau 0----.--------.------¥ _____ -
Coﬁfined cmd
o 40 t lost REs
 Large Arinjection leads to
quick RE plateau build-up 20
RE Ibsseé

« REs are actively lost during CQ

n

HXR - plastic [a.u.] HXR - GRI [mV]
o

o

0 2 4 é 8 10 12

t-t_. [ms]
Dil-D A. Lvovskiy/TSDW/July 2018 ol
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RE losses during CQ might be the reason of plateau failure

" #177028)

] 1.2 #177030
« RE plateau is not formed every Tos ' Plasma |
time: 2 | current RE plateau
50 torrrl Ar - no RE plateau =
130 torr'l Ar - RE plateau 0----.--------.------¥ _____ 3
S Coﬁfined qnd
e . E 40 | lost REs
 Large Arinjection leads to o
quick RE plateau build-up . 20
%
— 0 : :
- REs are actively lostduringCQ 5 | RElosses
L
 Interplay between generation g
and losses of REs can be akey J )
to RE plateau formation x 0 .

0 2 4 é 8 10 12

t-t_. [ms]
Dilnn-D A. Lvovskiy/TSDW/July 2018 ol
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No RE plateau cases correlate with clear

fast magnetic signals

No plateau case

I
#177028
1.2 g
<08 - .
Z,
e
0
3 )
= 100 <
> e
2 o
o
o 150 3
o 1 2
=
L -200 ©
2
0, 2

Diln-D A. Lvovskiy/TSDW/July 2018
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No RE plateau cases correlate with clear

fast magnetic signals

1.2 -
<08 - :
=
o
0
4 o)
=23 -100 2
> o
2 2 150 2
0 g
o1 g
w S
i 200 ¢
0 $
i-iDisr [ms]

Diln-D A. Lvovskiy/TSDW/July 2018
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No RE plateau cases correlate with clear

fast magnetic signals

4 #177028 ~
— I
N No plateau case =
=3 -100 13‘;
S, (8)
22
-150
o o
31 _ -
2 |-200
0" o
) )
N ~
T [a]
=3 100 =
S, Q
o 2 150 g
T g
1 s
= 3 7 -200 ";’
0 = B | D e R = 5 e - nc-)
0 2 4 6 8 10 12
- Disr [ms]
Frequency range 0.1-3 MHz
Duration 3-10 ms

Diln-D A. Lvovskiy/TSDW/July 2018
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RE losses correlate with fast magnetic signals

4 #177028 —
—_ T
N No plateau case =

©
s3 100 S
52 RE losses o
o -150 3
> o
31 i
i -200 £

0 g

4 =
m RE plateau casel 3
=3 1100 <

9]

0 5 RE losses/5 \ =
S -150 3
2 o
g <
& 7 -200 ¢
0 = === &

0 2 4 6 8 10 12
i-1.Disr [ms]

Diln-D A. Lvovskiy/TSDW/July 2018
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Fast magnetic signals correlate with population of

high-energy REs

4 #177028 =
N No plateau case =
O
=3 100 >
>
22
S 150 3
> o
% .
L 1-200 £
0" S
4 )
p— -
B 2
O
=3 100 2
>
22 150 8
o g
g1 5
S 200 @
o]
o

Diln-D A. Lvovskiy/TSDW/July 2018
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Possible mechanism of suppression of

RE plateau generation:

___c@ |
l

[ Large U, ]

!

i Large population of )
high-energy REs

|

Large instabilities

!

Loss of seed REs

|

No RE plateau

J

Diln-D A. Lvovskiy/TSDW/July 2018
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= Analysis of RE bremsstrahlung spectra =

Example: Ar quantity scan

6 T p=12MA - Bremsstrahlung spectra of
' REs were obtained using GRI
5 - and PHA
More Ar

4l * Integration time:
® first 10 ms (~ CQ time)
=
o3 - « Accurate inversion to RE
% distribution function during
2! || disruptions is complicated

1y 177008 — 50 torr  Though HXR .cm.d RE spectra

17709 — 90 torrl are usually similar
o L#177030 - =130 torri
0 5 10
E (MeV)

Di-pD A. Lvovskiy/TSDW/July 2018
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= Analysis of RE bremsstrahlung spectra =

Example: Ar quantity scan
6 ' * Increased Ar quantity

p=1.2MA reduces the number of high-
5t : energy REs and correlates
More Ar with successful RE plateau
4| No RE | formation
(% plateau
=
o3
g
2 | |
RE plateau
1t - 50 torrl -
17709 — 90torr
o L#177030 - =130 torri
0 5 10
E (MeV)

Di-pD A. Lvovskiy/TSDW/July 2018
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= Analysis of RE bremsstrahlung spectra =

Example: Ar quantity scan
* Increased Ar quantity

7~ Used as reduces the number of high-

: energy REs and correlates
with successful RE plateau
formation

Used as max E, (or max Egg)

T 4177028 \ s
#177029 \
o [#177030 |
0 5 10
E (MeV)

Y
D 'DW A. Lvovskiy/TSDW/July 2018
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High-energy REs? No RE plateau? Add more Argon

10 - - — * Increased Ar quantity

gl L] | reduces the number of high-
= O ! ] energy REs and correlates
s 6l ¢ | with successful RE plateau

- ¢ formation

x 4 -
£ + Large high-energy RE tail

?| : EE Fﬂit:aaﬁ | correlates with no RE plateau

0 . _Ip=1.2MA]  cases

0 50 100 150

Ar qty [torr-1]

Diln-D A. Lvovskiy/TSDW/July 2018
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High-energy REs? No RE plateau? Add more Argon

10 - - — * Increased Ar quantity

gl B | reduces the number of high-
= O ! ] energy REs and correlates
s 6l ¢ | with successful RE plateau

- ¢ formation

= - Large high-energy RE tail

2l ke P tens | correlates with no RE plateau

o | __IP=1.2MA|  cases

0 50 100 150
Ar qty [torr-1] « This is why we observed the

threshold on injected Ar for
successful generation of RE
plateau

Diln-D A. Lvovskiy/TSDW/July 2018
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Large power of observed modes correlates with

high-energy RE tail

6
—~  No RE plateau cases correlate
< ¢ $» . e psL e
iy o4 . ¢ with less steep HXR distribution
E 5.5 " . ' function (more high-energy
& ¢ " 2 " REs and less low-energy REs)
Z: 5 . n
3 B No plateau m « RE distribution function most
- #® RE plateau . . .
45, 5 : : . . likely shifts towards higher
max E  [MeV] energies in no plateau cases
,

Diln-D A. Lvovskiy/TSDW/July 2018
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Large power of observed modes correlates with

high-energy RE tail

6
- .  No RE plateau cases correlate
iy - :“ ¢ with less steep HXR distribution
g 5.5 = ' function (more high-energy
s ¢! -
® REs and less low-energy REs)
.
S O
D M No plateau O * RE distribution function most
- ® RE plateau . . .
45, 5 : : . . likely shifts towards higher
max E_ [MeV] energies in no plateau cases
p) :
M No plateau .
# RE plateau . - - Avutopower of fast magnetic
=15 0 _ signals increases with increase
1
0.5 ' ' ' '
4 5 6 7 8 9

max E,Y [MeV] V/July 2018



Large Ip cases correlate with high-energy RE tail

Ip scan
6 ‘
Ar:50torrll  «  Increased pre-disruption Ip
5| increases the max energy of
Larger Ip REs
4 L
W
=
o3
D
S
2| -
1+ ,
#177028 1.2 MA
o L#177043 - == 0.8 MA
0 5 10

E (MeV)
Diln-D A. Lvovskiy/TSDW/July 2018
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Large Ip cases correlate with high-energy RE tail

Ip scan

Ar: S0 forr'l| -« Increased pre-disruption Ip
increases the max energy of

Larger Ip | REs
« Large high-energy RE iail

4 L i
o No RE correlates with no RE plateauv
< plateau cases
o3 1
>
ke,
21 RE plateau \
1 L i
#177028 1.2 MA
o [#177043 - == 0.8 MA
0 5 10

E (MeV)
Diln-D A. Lvovskiy/TSDW/July 2018
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Larger Ip — more high-energy REs — more likely

failure of RE plateau

|
__ 8t [
E } . G « Increased pre-disruption Ip
= ‘ increases the max energy of
w i H
=~ 6 REs
3]
E .| ‘ T ¢ | < Large high-energy RE tail
o plateau .
# RE plateau correlates with no RE plateau
! 0.8 1 1.2 cases

Pre-disr Ip [MA]

Diln-D A. Lvovskiy/TSDW/July 2018
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Larger Ip — more high-energy REs — more likely

failure of RE plateau

* Increased pre-disruption Ip
increases the max energy of
REs

* Large high-energy RE iail
correlates with no RE plateau

cases

* This is why Ar threshold
depends on Ip

N
_ 8 H
g ¢
= 7t | ‘
?—..
L |
x OF
£
> ‘ M No plateau ¢
& RE plateau
4 L L L
0.8 1 1.2
Pre-disr Ip [MA]

150 | . | .
_ (1
_E 100
S O
>
=2 ¢
= 507 ¢ N
<

M No plateau
l @ RE plateau []
0 L L L
0.8 1 1.2
Pre-disr Ip [MA]
' = ] e =

41 MNATIONAL FUSION FACILITY
SAN DIEGD
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Large loop voltage correlates with no plateau cases

"M No plateau - Large pre-disruption Ip
S g B # RE plateau provides more magnetic flux
=1 :’ il ., ° + large Uy, leads to higher
w6 N - - acceleration of REs and
s ‘,’ ¢’ greater Egg
) | | | | « Large high-energy RE iail
100 200 300 400 correlates with no RE
[  Utoop dt [V-ms] plateau cases

Diln-D A. Lvovskiy/TSDW/July 2018
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Large loop voltage correlates with no plateau cases

"M No plateau - Large pre-disruption Ip
S a SAREpRe provides more magnetic flux
oY)
Ef_‘ :’ ™ S - Large U, leads to higher
_ O . i
w’ 6 R acceleration of REs and
9 ‘,0 ¢ greater Ey;
'4 I | ° °
| | | | - Large high-energy RE tail
100 200 300 400 correlates with no RE
[  Utoop dt [V-ms] plateau cases
_ M No plateau
— 4001 |m & RE plateau
=
S _ « Large amounts of Ar reduce
= o the loop voltage
= ?200 : m . L]
100} ¢
0 50 100 150

TSDW/July 2018
Ar qty [torr-1] Huly



= Actuators of possible mechanism

of RE plateau suppression: =

r Large integrated U,,,, ‘

!

i Large population of )
high-energy REs

|

[ Large instabilities

!

Loss of seed REs

|

No RE plateau

\ J

H ' I -P A. Lvovskiy/TSDW/July 2018
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= Actuators of possible mechanism

of RE plateau suppression: =

increases
Large integrated U,,,, <—[ Large Ip ]

!

i Large population of )
high-energy REs

|

[ Large instabilities

!

Loss of seed REs

|

No RE plateau

\ J

/[ -Dw A. Lvovskiy/TSDW/July 2018
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= Actuators of possible mechanism

of RE plateau suppression: =

increases

decreas% Large integrated U,,,, <—[ Large Ip ]
[ Large Ar MGI ] l

Large population of )
decreases high-energy REs

|

[ Large instabilities

!

Loss of seed REs

|

No RE plateau

/[ 'Dw A. Lvovskiy/TSDW/July 2018
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= Ar pellet case vs Ar MGI: reliable production

of RE plateau and no instabilities =

10 1 w . Ar pellets vs Ar MGI:
gl N O _ « 1.5-2.5x fimes larger Uloop
E, ) % - 2 2-3xtimesshorterfeq
e " * 3 * 1cqand Uloop both are
x 4r A - much more consistent
= A B MGI: No plateau . i
ol o pplqtequ | Smaller integrated Uloop
. | A Pellet: RE plateau « 2-3x times smaller max Ey
0 5 10 15

fth Ujpop dt [V-ms]
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= Ar pellet vs Ar MGI: reliable production of RE

plateau and no kinetic instabilities =

10 1 w w Ar pellets vs Ar MGI:
_ 8 P .: _ « 1.5-2.5x fimes larger Uloop
E, ) % - 2-3xfimesshortertcq
= R SN 3 + tcq and Uloop both are
x 4 A * ] much more consistent
£ A B MGI: No plateau o i
ol o pplqtequ | Smaller integrated Uloop
. | A Pellet: RE plateau « 2-3x times smaller max Ey
0 5 . d10 v 15 * No or almost no fast
Jicq Utoop dt [V -ms] magnetic modes

#175770 ,n, #177028

Frequency (MHz)

“Disr 7
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= Kinetic instabilities appear when Ey . > 2.5 MeV =
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Modes go every 400 kHz up to 3 MHz

#177028
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Magnetized plasma oscillations is a possible candidate

—
o

« Observed oscillations are
at low frequencies

Wy ~0.3...3MHz
Wose S Wi ~10 MHz

-+ Possible plasma waves are
magnetized eleciron
plasma wave [1,2] and
magnetosonic-whistler
wave [3]

« Anomalous Doppler

resonance is a possible
Dispersion relation [2]: Resonance: driving mechanism

k"C

O
|

Frequency [GHZ]
o o

4
(=)

Anomalous Doppler resonance
for different |k|, k,,V,

W = Wpe

Wee
w=——IkV
k2c? + wy, Y
[1] Parail and Pogutse NF 1978
[2] Aleynikov and Breizmman NF 2015

D"’-D A. Lvovskiy/TSDW/July 2018 [3] FUIép et al. PoP 2006
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Summary

« Disruptions triggered by Ar MGI often produce no RE plateau
« Larger Ar quantity more reliably leads to RE plateau formation
* Increased pre-disruption Ip requires more Ar injected
 No RE plateau cases correlate with
— high loop voltage
— large number of high-energy REs
— intense fast magnetic modes in the range 0.1-3 MHz
« modes exist when Eg: > 2-3 MeV
« possible candidate is magnetized electron plasma waves

» Disruptions triggered by Ar pellet reliably produce RE plateau

+ Key differences of Ar killer pellet compared to Ar MGl:
— a few times smaller loop voltage
— a few times smaller maximum energy of REs
— almost no kinetic instabilities during CQ
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Modes correlate with Egg, plasma density and RE losses

, No plateau case #177028
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Disr Plasma is very
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e during
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do scan of
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Modes do NOT disappear because of possible plasma

movement far from fast magnetic loops
#177030
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Intense RE losses correlate with fast magnetic signals

Typical shots and . _ #177028
s without RE plateau . o
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Modes go every 300 kHz up to 1.5-3 MHz (different shot)

#177029
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