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Presenter
Presentation Notes
I want to thank the organizing committee for inviting me to describe Los Alamos participation in active experiments in space.  I guess that’s one of the privileges of living a relatively long life.
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Presenter
Presentation Notes
This slide shows how I have organized this talk.  I begin with the people involved over the years because as you get older those are the associations you cherish.  The of course we need to identify the funding sources for our active experiments.  Next I present a “catalog” describing the timeline and locations of the many active experiments with Los Alamos involvement.  Next I describe the various active experiment techniques and diagnostics we’ve employed.  Next I briefly describe the many objectives of these experiments.  I close with a few examples of our active experiments.
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Our Many Partners 

 Sandia National Laboratory 
 University of Alaska Geophysical Institute 
 Canadian National Research Council 
 Naval Research Laboratory 
 Aerospace Corporation 
 Lockheed Palo Alto Research Laboratories 
 Goddard Space Flight Center 
 Max Planck Institute 
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Presenter
Presentation Notes
For most of these experiments Los Alamos has not acted alone.  Early on we partnered with our fellow AEC laboratory, Sandia; they had the rockets we had the shaped-charges and cameras.  Many suggestions for experiments and facilities and diagnostics came from our partners at the University of Alaska's Geophysical Institute. Many of the experiments studied auroral phenomena and our Canadian partners provided launch support and diagnostics.  Over the years we have also partnered with the Naval Research Laboratory, the Aerospace Corporation, the Lockheed Palo Alto Research Laboratories, Goddard Space Flight Center and the Max Planck Institute.
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In Memoriam 

 Eugene Michael "Gene" Wescott 
(February 15, 1932 – February 23, 
2014) was an American scientist, 
artist, and traditional dancer. Wescott 
worked at the Geophysical Institute of 
the University of Alaska Fairbanks  
from 1958 to 2009. He was appointed 
Professor Emeritus of Geophysics, 
and had an extensive background of 
research in solid earth geophysics and 
space physics. He was involved 
directly in auroral and magnetospheric 
electric field studies and plasma 
physics experiments using barium and 
calcium plasma rocket injections at 
Poker Flat Research Range.  

 

In the marriage between the Geophysical 
Institute and the AEC, Gene had the range 
and the ideas and the AEC had the 
rockets, the aircraft, and the shaped-
charges. 
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Presenter
Presentation Notes
I’ve had the privilege of working with many great folks over the years.  I begin with an “In Memoriam” tribute to Gene Wescott. Eugene Michael "Gene" Wescott (February 15, 1932 – February 23, 2014) was an American scientist, artist, and traditional dancer. Wescott worked at the Geophysical Institute of the University of Alaska Fairbanks  from 1958 to 2009. He was appointed Professor Emeritus of Geophysics, and had an extensive background of research in solid earth geophysics and space physics. He was involved directly in auroral and magnetospheric electric field studies and plasma physics experiments using barium and calcium plasma rocket injections at Poker Flat Research Range. In the marriage between the Geophysical Institute and the AEC, Gene had the range and the ideas and the AEC had the rockets, the aircraft, and the shaped-charges.
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CRRES PIs 
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Presenter
Presentation Notes
This photo of the CRRES PIs identifies many of the folks we’ve worked with.  We lost Dave Reasoner too soon.  Also note Mike Mendillo, David Simons, Joe Huba, Lewis Duncan, Ed Z4, Herb Carlson and Gerhard Haerendel. In the back I see Mike Kelley, Gene Wescott and Paul Bernhardt.
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The Money 
 Department of Defense and Atomic Energy 

Commission  
 As part of Safeguard C of 1963 Limited Test ban 

Treaty, the AEC and its successors maintained 
ships, labs, rockets, aircraft, and a "dedicated 
staff“ to enable the Government to resume 
testing nuclear weapons in the atmosphere 

 N.A.S.A. 
 Defense Nuclear Agency 
 Strategic Defense Imitative Office 
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Presenter
Presentation Notes
Of course we don’t get to conduct all these fun experiments without money.  The Department of Defense and Atomic Energy Commission funded the very earliest Los Alamos high-altitude nuclear tests.  That was before my time.  Then for many years a provision of the 1963 Limited Test Band Treaty provided funds. As part of Safeguard C of 1963 Limited Test ban Treaty, the AEC and its successors maintained ships, labs, rockets, aircraft, and a "dedicated staff“ to enable the Government to resume testing nuclear weapons in the atmosphere.  Over the years Los Alamos has also received funding from N.A.S.A. and the Defense Nuclear Agency.  Our experience with active experiments resulted in Los Alamos being funded by the Strategic Defense Imitative Office to conduct the B.E.A.R. project in the ‘80’s.
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Catalog 

Beginning with the Teak nuclear test in 1958 and 
ending with the NASA-sponsored CRRES 
experiments in 1992 Los Alamos has been 
involved with 107 active experiments in space, not 
including any RF modification experiments. 
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Presenter
Presentation Notes
I used the word “catalog” to describe our involvement in active experiments because my list includes 107 active experiments!  They begin with the Teak nuclear test in 1958 and end with the NASA-sponsored CRRES experiments in 1992 Los Alamos has been involved with 107 active experiments in space, not including any RF modification experiments.
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Los Alamos–related active 
experiments through the years 
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Presenter
Presentation Notes
This slide shows the altitude of our active experiments as a function of the date of the experiment.  Los Alamos involvement began with the “TEAK” nuclear test on August 1, 1958 when I was in high school. My “catalog” did not have the experiment altitude for a number of experiments. The altitude of the experiments range from 43 km for the ORANGE test to 33,553 km (over 5 Re) for the CRRES G-8 release.  
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Los Alamos–related active 
experiments - location 
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Presenter
Presentation Notes
This slide shows the latitude and longitude of our experiments.  They range in longitude from Johnston Island in the Pacific to the Argus nuclear tests in the South Atlantic.  Our experiments range in latitude from the South Atlantic Argus tests to Cape Parry in Canada’s Northwest Territories.  We’ve been everywhere!
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Active Experiment Techniques 

 Explosions 
– Nuclear 
– High Explosives (actually H2O and CO2) 

 Injections 
– Shaped Charges 
– Particle Accelerators 

 Releases 
– Thermites 
– SF6 
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Presenter
Presentation Notes
Los Alamos has employed a wide variety of techniques to conduct active experiments in space.  These include explosions such as the Argus nuclear tests and the Waterhole experiments use of high explosives to inject molecules into the F-region ionosphere.  High explosives are more efficient that just dumping liquid water.  Los Alamos pioneered the use of shaped charges to vaporize and inject barium vapor.  The charges had nickel-lined barium cones and generated barium jets with speeds up to 14 km/s.  Los Alamos also conducted the grand daddy of all particle injections with the 1-MeV neutral particle B.E.A.R. beam.  Los Alamos also conducted the more traditional thermite and sulfa-hexa-fluoride release experiments.
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Los Alamos Techniques 
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Presenter
Presentation Notes
This chart shows graphically the numbers of the various techniques we’ve employed over the years.  Barium experiments lead the way because of its the low ionization potential and the resonant scattering of both neutral and ionized barium allows visible imaging of the barium locations.  Note that the graphic distinguishes between rocket-borne thermite releases and barium thermite release from satellites at orbital speed.
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Diagnostics 

 Optical 
– Ground-based 
– Aircraft 

 In Situ 
 Satellites 
 RF 
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Presenter
Presentation Notes
Diagnostics are the key to successful active experiments.  Over the years optical diagnostics have been the backbone of our active experiments.  We have employed both ground-based and airborne platforms.  The advantage of the airborne platforms are the cloud-free lines of sight to the experiment.  The so-called “Readiness to Test” program funded Boeing 707s for airborne optical diagnostics all three AEC laboratories.  Los Alamos has employed in situ diagnostics since the nuclear testing days; the Argus experiments were diagnosed by instruments on Explorer IV.  We got back to in situ measurements during the 1976 Buaro shaped charge experiment when Harry Koons measured the electric fields generated by the free energy of the barium ions. Of course, the satellite-borne sensors made crucial diagnostics of the CRRES releases.  The original ionospheric depletion experiments, Lagopedo Uno and Dos, in 1977 were measured by ionosondes located on the island of Kauai.  Some of the CRRES experiments employed RF diagnostics of the Arecibo facility.
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Optical Diagnostics 

 Cameras 
– TV  
– B&W and Color film 
– Image intensified 
– Interference filtered 

 Fabry-Perot 
 Spectrographs 
 Photometers 
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Presenter
Presentation Notes
Cameras provided the principal diagnostic for our active experiments.  Television cameras provided real-time tracking of barium clouds out to several earth radii distance.  Of course film cameras provided quantitative image data needed for inventories and dimensions.  All-sky cameras provided back-ups.  Because distant images are faint and we need star background for triangulation we used interference filtered image intensifiers for the barium-related experiments.  Rick Rairden’s airborne Fabry-Perot allowed us to sense barium ion motions and provided unique confirmation of barium ion magnetization (ions moving towards and away from the sensor).  We also fielded spectrographs and photometers.
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A picture is worth a thousand words (and 
takes Giga bits to process!) 

NASA’s CRRES G-9 release – 
amateur’s photograph 

NASA’s CRRES G-9 release – 
BaII in false color contours 
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Presenter
Presentation Notes
As the slide says, “A picture is worth a thousand words – and takes gigabits to process!” Even amateur photographs can provide valuable information.  The photo on the left was taken by my daughter on the beach in St. Croix.  It shows the dramatic G-9 CRRES release.  The neutral barium atoms are imaged by the bright green sphere.  The trailing blue light comes from ionized barium. This cloud in this photo also demonstrates the limitations of ground-based optical diagnostics.  The image on the right shows quantitative measure on ionized barium column density.  This image also shows the slight curvature to the back-side of the barium cloud as explained by Delamere, e. al.
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Examples of specialized optical 
diagnostics 

15 

G-12 barium release filtered image sequence.  
Fringes from the 2-mm Fabry-Perot 
etalon…reveal the double-peaked nature of the 
ion radial velocity distribution [Rairden et a., 
1994)]. 

Table Mountain Observatory filtered, intensified camera 
image of the CAMEO polar cap barium release showing 
star field and obstruction by tree [Heppner et al, 1981)] 
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Presenter
Presentation Notes
This slide shows two examples of the specialized optical diagnostics we employed.  The image on the left from Rairden et. al. shows the G-12 barium ion images at three times.  On the right we see images from the co-aligned Fabry-Perot instrument. I want to emphasize the middle donut-shaped image.  The displacement from the donut hole is a measure of barium ion velocity.  The dimple is the first fringe reveals “the double-peaked nature of the ion radial velocity distribution” . Voila – magnetized barium ions!The intensified camera image on the right shows one of the field-aligned CAMEO barium streaks.  This image was captured with a interference-filtered intensified camera located at Table Mountain Observatory near Los Angeles, California.  The thermite barium release from a satellite occurred over the North slope of Alaska and the magnetic mirror force pushed the barium ions up the field line to where they were detected thousands of kilometers away.  This image also shows another disadvantage of ground-based photography – note the tree obstructing part of the barium streak.  In fact the folks at Table Mountain had their instruments located in the back of a U-Haul truck and had to shove the trackers further towards the back of the truck when the tree became a problem.  This demonstrates a unique challenge faced by those diagnosing active experiments – the skill and resources of the experimenter play a role in real-time data acquisition.  



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA 

Active Experiment Objectives 

 Magnetic field line 
tracing 

 Fluid Plasma 
Instabilities 

 Kinetic Plasma 
Instabilities 

 RF Propagation 
 Enhanced electron 

precipitation 

 Diamagnetic cavities 
 Polarization fields 
 EMP 
 ICBM Defense 
 Ionospheric Chemistry 
 Winds 
 H.A.N.E. simulation 
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Presenter
Presentation Notes
This slide shows the wide range of objectives for the Los Alamos active experiments.  They include magnetic field line tracing, studying fluid and kinetic plasma instabilities, RF propagation, enhanced electron precipitation, diamagnetic cavity formation and collapse, polarization electric fields, electro-magnetic pulse generation, ICBM defense, ionospheric chemistry, upper atmospheric winds, high-altitude nuclear explosion simulation and probably some I left out.
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Spectrogram of the field intensities for the G-9 
chemical release on July 19, 1991. (top) Magnetic 
field; (bottom) electric field. [Koons and Roeder, 
1995] 

Fluid and Kinetic Plasma 
Instabilities 
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Presenter
Presentation Notes
Active experiments provide unique opportunities to study plasma instabilities.  Most plasmas encountered in nature are close to equilibrium and not likely to be unstable.  With active experiments we can “set the ball at the top of the hill” and watch it fall down.  The images on the left show the “up-the-field-line” images of the Avefria Dos barium cloud.  This experiment occurred in Nevada allowing  us to position cameras at the foot of the field line.  The images show prompt structuring of the energetic barium plasma jet on the left and the slower, Rayleigh-Taylor fluid instability structuring of the “stay behind” barium ions.On the right we show the spectrogram of the field intensities for the G-9 chemical release on July 19, 1991.  On the top is the spectrum of the magnetic field fluctuations and on the bottom half we see the spectrum of the electric field fluctuations.  This data come from sensors on the CRRES satellite flying through the barium cloud moments after release;  the broad-band intensification shown in pick marks the event.  The data is from Koons and Roeder, 1995.  At one time I claimed that our active experiments would make the space plasma “ring like a bell”;  The data show predominantly broad-band electrostatic emissions and not bell-like resonant tones.



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA 

Examples 

 Orange - Nuclear Test 
 Tordo/Periquito -  field line tracing 
 Waterhole – ionospheric depletion 
 Hope event – RF propagation 
 CRRES G-9 – kinetic plasma instabilities 
 B.E.A.R. – particle beam  
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Presenter
Presentation Notes
In the time allotted I clearly can’t describe all 107 Los Alamos Active experiments so I’m going to use examples to describe the breadth of our work.  I’ll begin with the Orange Nuclear Test.  Then I’ll talk about the field-line tracing experiments Tordo and Periquito.  Next I’ll cover a unique series of the experiments, the Waterhole ionospheric depletion experiments.  Then I’ll talk about barium releases designed to study RF propagation through structured plasmas.  Then we’ll review thermite barium releases at orbital velocity, the CAMEO and CRRES experiments.  I’ll close with the most energetic particle accelerator experiment ever, the 1-MeV B.E.A.R. neutral particle beam experiment.
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Orange - Nuclear Weapons Effects Test 
8/12/58 - 3.8 Mt @ 43 km above Johnston Island 

 Orange-like explosions could be used 
to “dump” anomalous levels of satellite 
killing radiation. 

 Low altitude, high yield explosion 
would “heave” massive quantity of 
neutrals into the upper atmosphere 
causing energetic particles to scatter 
and precipitate. 

 Detonation at location conjugate to 
South American Anomaly would result 
in the killing radiation being quickly 
dumped . 

19 

 Orange Event: toroidal yellow or 
orange colored fireball and white-
blue-green-purple air radiation 
induced glow photographed from 
the deck of a U.S. aircraft carrier 
at 1 minute after burst, 12 August 
1958.  

[Hoerlin, 1976] 
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Presenter
Presentation Notes
The Orange, nuclear weapons effects test, was conducted on August 12, 1958 as part of Operation Hardtack I.  The 3.8 megaton device was exploded 43 kilometers above Johnston island in the Pacific.  The photo on the left shows the Orange Event at 1 minute after detonation.  Note the toroidal yellow or orange colored fireball and white-blue-green-purple air radiation induced glow.  This photograph was taken from the deck of an aircraft carrier. One might question citing this as an example of an experiment in “space”, but, in fact, the large energy release caused “heave” an upwelling of the neutral atmosphere into the thermosphere.  I have heard of some exotic techniques proposed to “dump” anomalous levels of satellite killing radiation.  I suggest that the neutral atmospheric “heave” from a low altitude, high yield explosion would “heave” massive quantity of neutrals into the upper atmosphere causing energetic particles to scatter and precipitate. Detonation at a location conjugate to South American Anomaly would result in explosion-produced betas being quickly dumped .
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Field Line Tracing: 
1975 shaped charge injections from Cape Parry Canada -   

Tordo and Periquito 

20 

Anti-sunward convection over 
the polar cap 

[Jeffries, et. al, 1975] 
Barium illuminated field line 

extending to 8 Re altitude 
 [Wescott, et. al., 1978] 
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Presenter
Presentation Notes
This next slide describes how shaped-charge barium injections were used for field-line tracing.  In January and then again in November of 1975 Los Alamos working with our Sandia, Canadian and Geophysical Institute partners launched rockets from Cape Parry, Northwest Territories.  Shaped-charges carried aboard these rockets injected barium ions up the field lines into the polar cusp region.  The TV image on the left from Wescott, et. al., shows a streak of barium ions extending thousands of kilometers (about 8 Re) into space.  The figure on the right from Jeffries, et. al., shows the track of the leading tip of ionized barium streak for the Tordo Uno injection, projected down along magnetic field lines to the 100 km reference altitude.  Numbers along the track are minutes after injection.  Note the clear demonstration of anti-sunward convection over the polar cap.  Dungey was right!
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Field Line Tracing 
CAMEO 

 Altitude versus time 
plot of CAMEO 
release No. 2 

 Trajectory indicates 
up to 6 keV E|| 
acceleration and 
deceleration. 

[Heppner, et. al, 1981] 
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Presenter
Presentation Notes
The next example of field-line tracing is the CAMEO (Chemically Active Materials Ejected from Orbit) experiment of Jim Heppner.  Jim told me that he had arranged for thermite barium releases over Alaska from a polar orbiting satellite.  I replied that we’d track the barium ions from the lower 48 relying on the magnetic mirror force on the energetic barium ions to overcome gravity and lift the ions upwards along the magnetic field.  Indeed barium streaks photographed from Mount Haleakala, Hawaii and Table Mountain Observatory in California were triangulated measuring the ion motion upwards along the magnetic field line.  The figure on the right shows the altitude of the release number two ions as a function of time.  Accelerations parallel to B were required to account for the barium ion position as a function of time.  In fact, the trajectory indicates up to 6 keV E|| acceleration and deceleration.
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Waterhole I and III 

 Ammonium Nitrate/Nitro Methane explosions in auroral 
F-region 

 Charge-exchange/dissociative recombination chemistry 
removes ions and electrons forming a 50-km diameter 
“hole” in the ionosphere 

 Hypothesis: field-aligned currents connected to auroral 
arcs are important to the mechanism producing the arc 
and removing the thermal plasma will perturb the 
currents and modify the acceleration mechanism. 
[Atkinson, G, 1970] 

 

22 22/32 

Presenter
Presentation Notes
The Waterhole experiments utilized what we learned about depleting the ionosphere following the Skylab launch and Los Alamos’ Lagopedo experiments.  Releasing tri-atomic molecules in the O+ dominate ionosphere leads to rapid charge-exchange and then dissociative recombination chemistry which removes ions and electrons forming a 50-km diameter “hole” in the ionosphere.  It turns out that water (H2O) is a great molecule to release.  However, you want to release water vapor, not tiny ice cubes. so early-on I was thinking of loading a hot water heater on a rocket and flying that.  My colleague, John Zinn, knowing that water vapor is a product of explosive combustion suggested flying a high explosive.  It turns out that a nitro-methane/ammonium nitrate (basically fuel oil and fertilizer) mixture works great.  You pack the ammonium nitrate into a cylinder and the add the liquid nitro-methane to get the correct stoichiometric balance.Following an auroral model of Gerry Atkinson our hypothesis was that field-aligned currents connected to auroral arcs are important to the mechanism producing the arc and removing the thermal plasma will perturb the currents and modify the acceleration mechanism. 
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Waterhole I Data 

(a) Rocket altitude and 
distance from event, 
(b) relative local electron 
density, 
(c) precipitating electron 
intensity at 0.5 keV, 
(d) peak column emission 
intensities of auroral green 
line. 
[Whalen,  et. al., 1985]] 
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Presenter
Presentation Notes
So in April of 1980 we flew an 88-kilogram ammonium nitrate/nitro-methane explosive into the aurora above Churchill, Canada.  The figure on the right shows in situ data obtained by our Canadian partner Brian Whalen.  Curve (a) shows rocket altitude and distance from event, curve (b) shows the relative local electron density with a dramatic reduction until the payload flies out of the hole, curve (c) shows the precipitating electron intensity at 0.5 keV again with a dramatic reduction until the payload flies out of the hole, and curve (d) shows the peak column emission intensities of auroral green line.  Our question was, “Did we turn off the aurora?”



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA 

Waterhole Results 
 Waterhole I (88 kg AN/NM) was released on the 

poleward side of an auroral arc. 
 Waterhole III (180 kg AN/NM) was released on field line 

connected to the arc. 
 Electron flux at 1.5 keV enhanced at small pitch angles. 
 “The rapid response…and spectrum changes...in 

energetic electron precipitation indicates…induced 
electric field must have been large enough to accelerate 
electrons up to several keV” 

 “Although the two results appear to be contradictory, 
simple models…of the structure of auroral arcs seem to 
be in agreement with both experiments.” 
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Presenter
Presentation Notes
So with the interesting Waterhole I results we were able to secure funding the try again.  By the way Waterhole II suffered a rocket malfunction and the high explosive landed a few kilometers away from our Churchill ground station where the Mounties detonated it with a shaped charge.  It turns out that on Waterhole I we detonated the high explosive just north of the auroral field line so for waterhole III we have more high explosive and the detonation was controlled from the ground to be when we encountered the precipitating electron flux.And, of course, we got different results.  The precipitating electron flux at 1.5 keV was enhanced at small pitch angles!  Quoting Whalen et. al., “The rapid response…and spectrum changes...in energetic electron precipitation indicates…induced electric field must have been large enough to accelerate electrons up to several keV” and “Although the two results appear to be contradictory, simple models…of the structure of auroral arcs seem to be in agreement with both experiments.”
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Objective: 
Create a structured plasma in the RF propagation path to 
test models of RF propagation for the Defense Nuclear 
Agency.  
Diagnostics: 
Optical:  Measurements of the  time evolution of the power 
spectral density (PSD) of striations for the electron column 
density perpendicular to the magnetic field is derived for 
the two clouds. 
RF: Measurements of the time-of-arrival spread of energy 
(channel impulse response) on a phase coded spread 
spectrum signal emanating from a rocket launched behind 
the barium cloud and received at specially constructed 
ground receiving site in northern Florida (Beacon 
experiment).  
Results: 
The data are shown to be in good agreement with the DNA 
propagation channel model and a geometric optics 
interpretation of the observed propagation effects. 

[Simons, et. al., 1984] 

Hope Barium release at 
T + 20 minutes 

Thermite Barium Releases in 
the Ionosphere 
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Presenter
Presentation Notes
Next I’ll describe our use of thermite barium releases to create a structured plasma in the RF propagation path to test models of RF propagation for the Defense Nuclear Agency.  These experiments are kinda tricky in that you have to release the barium, let it form striations and hope that the structured plasma is in the line-of-sight between the transmitter and your RF receiving ground station. The diagnostics include optical measurements of the  time evolution of the power spectral density (PSD) of striations for the electron column density perpendicular to the magnetic field and measurements of the time-of-arrival spread of energy (channel impulse response) on a phase coded spread spectrum signal emanating from a rocket launched behind the barium cloud and received at specially constructed ground receiving site in northern Florida (Beacon  experiment). The results demonstrated success: the data are shown to be in good agreement with the DNA propagation channel model and a geometric optics interpretation of the observed propagation effects.  [Simons, et. al., 1984].
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Thermite Releases at Orbital Velocity 
CRRES 

Phenomena 
• Polarization “skid” 
• Magnetization 
• Ring-distribution relaxation 
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Polarization E-field 
[Szuszczewicz et. al., 1993] 

[Delamere et. al, 1996] 
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Presenter
Presentation Notes
The next active experiment example is the CRRES G-9 experiment, a thermite barium release from the CRRES satellite moving at orbital velocity (about 10 km/s) perpendicular to the local geomagnetic field.  This experiment was conducted above the US Virgin islands on July 19, 1991.  A color photograph on an earlier slide showed the dramatic appearance for anyone looking at the right place at the right time.  Using the photo on the right Delamere et. al. describe the “skid” of the barium ions across the magnetic field.  The data on the left from Szuszczewicz et. al. show the polarization electric field that allowed the barium ions to “skid”.  Huba et. al. provided a quantitative description of the “skidding”.  Rick Rairden’s Fabry-Perot data showed the ions first skidding, and then becoming magnetized and finally thermalizing.  Recall that an earlier slide showed electrostatic field enhancements from the kinetic plasma instability (Koons and Roeder).  A smorgasbord of plasma physics!
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B.E.A.R. 
10-mA (equivalent), 1-MeV, neutral hydrogen beam 

 Experiment conducted for SDIO in 
July 1989.  Most energetic particle 
beam ever flown. 

 Beam Experiments Aboard a 
Rocket (BEAR) program launched 
a sounding rocket containing a 
neutral particle beam (NPB) 
accelerator.  

 The experiment successfully 
demonstrated that a particle beam 
would operate and propagate as 
predicted outside the atmosphere 
and that there are no unexpected 
side-effects when firing the beam 
in space.  

[Burick, et. al. , 1991] 
 

 

Diagnostics 
 Beam energy, 

current, divergence 
 Beam composition 
 Beam pointing 
 Beam propagation 

before stripping 
 Spacecraft charging 
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Presenter
Presentation Notes
I’ll close with a description of our most “active” active experiment, the B.E.A.R. neutral particle beam test conducted in July 1989 from White Sands Missile Range.  So we’ve gone from Resolute Bay in January to White Sands in July!  The B.E.A.R.  experiment was in support of President Ronald Reagan’s Strategic Defense Initiative.  The challenge was to fly an Radio Frequency Quadruple (RFQ) accelerator on board a sounding rocket.  The accelerator first accelerated negative hydrogen ions to 1 MeV and then passed them through a gas to strip off the electron resulting in a 1-MeV neutral particle beam that would propagate across the geomagnetic field.  I believe that a 1-MeV beam is the most energetic ever flown in space by about a factor of 30!My task was to develop a beam diagnostic package that would measure beam energy, current, divergence, beam composition, beam pointing and beam propagation before stripping.  We measured beam pointing well enough to know whether we were aimed at the top or bottom half of the Washington Monument from White Sands.  We also monitored spacecraft charging because there was concern that the rocket body would charge up and not allow the beam to propagate away.  To do that we alternately turned off the neutralizing gas to create a negative ion beam and we also over-neutralized the beam to produce a proton beam.  Hugh Christian’s electrostatic analyzer measured spacecraft charging.
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Using gradient and curvature 
drifts to measure Ho stripping 

28 

SSD flight data and range of Monte 
Carlo predictions 

 Use rocket ACS to fire Ho beam 
down and east. 

 Stripping produces protons that 
mirror and drift up and west back 
to the rocket. 

 There is a one-to-one relationship 
between the pitch angle of an 
observed proton and the distance 
it traveled as a hydrogen atom 
before stripping. 

 Solid-state particle detector (SSD) 
measurements of the fluence of 
returning protons can be used to 
estimate the NPB stripping cross 
section. 

28/32 

Presenter
Presentation Notes
Measuring how far the neutral hydrogen atoms traveled before suffering a stripping colliding with the atmosphere required a bit of trickery.  We had no target to shoot at so we relied on the Lorentz force to bring the protons back to Ted Fritz’s solid-state detector on the rocket.  We used the rocket ACS to fire the Ho beam down and east. Stripping produced protons that mirror and drift up and west back to the rocket.  There is a one-to-one relationship between the pitch angle of an observed proton and the distance it traveled as a hydrogen atom before stripping.  The chart on the right shows solid-state particle detector (SSD) measurements of the fluence of returning protons and the range of counts predicted by Joe Fitzgerald’s Monte-Carlo code. The experiment successfully demonstrated that a particle beam would operate and propagate as predicted outside the atmosphere and that there are no unexpected side-effects when firing the beam in space. 
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My final slides contain references.
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Abstract 
Beginning with the Teak nuclear test in 1958, Los Alamos has a long history of 
participation in active experiments in space.  The last nuclear tests were the 
five explosions as part of the Dominic series in 1962.  The Partial Test Ban 
Treaty signed in August 1963 prohibited all test detonations of nuclear weapons 
except for those conducted underground. 

Beginning with the “Apple” thermite barium release in June 1968 Los Alamos 
has participated in nearly 100 non-nuclear experiments in space, the last being 
the NASA-sponsored “AA-2” strontium and europium doped barium thermite 
releases in the Arecibo beam in July of 1992. 

The rationale for these experiments ranged from studying basic plasma 
processes such as gradient-driven structuring and velocity-space instabilities to 
illuminating the convection of plasmas in the ionosphere and polar cap to 
ionospheric depletion experiments to the B.E.A.R. 1-MeV neutral particle beam 
test in 1989.  

This talk will review the objectives, techniques and diagnostics of Los Alamos 
participation in active experiments in space. 

 32/32 


	Los Alamos Participation in Active Experiments in Space�LA-UR-17-27946
	Outline
	Our Many Partners
	In Memoriam
	CRRES PIs
	The Money
	Catalog
	Los Alamos–related active experiments through the years
	Los Alamos–related active experiments - location
	Active Experiment Techniques
	Los Alamos Techniques
	Diagnostics
	Optical Diagnostics
	A picture is worth a thousand words (and takes Giga bits to process!)
	Examples of specialized optical diagnostics
	Active Experiment Objectives
	Fluid and Kinetic Plasma Instabilities
	Examples
	Orange - Nuclear Weapons Effects Test�8/12/58 - 3.8 Mt @ 43 km above Johnston Island
	Field Line Tracing:�1975 shaped charge injections from Cape Parry Canada -  �Tordo and Periquito
	Field Line Tracing�CAMEO
	Waterhole I and III
	Waterhole I Data
	Waterhole Results
	Slide Number 25
	Thermite Releases at Orbital Velocity�CRRES
	B.E.A.R.�10-mA (equivalent), 1-MeV, neutral hydrogen beam
	Using gradient and curvature drifts to measure Ho stripping
	References
	References
	References
	Abstract

