Dennis Papadopoulos

Major Scientific Contributions

1. Career Accomplishments [over 230 referreed publications, 110 invited talks]

a. Spontaneous Magnetic Field in Laser Produced Plasmas

In 1971 I predicted that in a laser produced plasmas magnetic fields in excess of a Mega-Gauss will be spontaneously produced.  The fields were observed in a subsequent experiment and published in PRL (Publication #11).  The discovery had major impact in laser fusion and associated transport with more than 1000 publications in the ensuing years and in excess of 2000 citations.

b. High Mach Number Shock Waves

The physics underlying high Mach number shock waves in the laboratory and space was a most hotly debated subject in the late sixties and seventies.  In 1971 I published in PRL (Publication # 13) the first particle computer simulation of a high Mach number shock elucidating some salient features of the ion-ion interaction.  However, my most important work on the subject, the work that has been the definitive one on the subject, was performed by my group at the University of Maryland between 1979 and 1984 (Publications 78, 88, 89, 95, 102, 108, 112, 119, 124, 127, 138).  Using the data-base from the ISEE spacecraft, the most advanced hybrid simulation codes and analytic theory my group developed what is considered the modern understanding of high Mach number shocks that has withstood the test of the most recent space missions, such as the recent Cluster mission.  I presented a comprehensive summary of the work in an invited talk at the Centennial APS meeting on March 24, in Atlanta, Ga.  

c. VLF/ELF Generation Using The Ionosphere As An Active Medium

This is an area I pioneered starting in the early 70s and have been working on and off over the last 30 years. ELF/VLF waves are very important in space physics and in technology due to their large penetration depths. They have utility in underground exploration, submarine communications, magnetospheric and ionospheric diagnostics, control of the earth’s radiation belts and many other settings.  Their large wavelength makes their generation by conventional antennas extremely inefficient and prohibitively expensive.  In the early 70s I proposed that ELF/VLF waves can be generated by driving in a controlled fashion currents in the lower ionosphere with ground based HF transmitters. This proposal led to construction of a $ 200M facility in Alaska, known as HAARP facility, which is performing pioneering work in the nonlinear physics that controls the current drive and the injection of the VLF waves in the ground and the magnetosphere. In preparing for the facility many physics challenges had to be understood as can be seen in publications # 84, 90, 94, 110, 117, 150, 151, 154, 157, 189, 212, 228.  More recent work on the subject is leading to the construction of a major facility in the equator and I am performing preliminary experiments this summer.

d. Other Accomplishments

Other accomplishments include work on strong plasma turbulence in beam-plasma interactions including the resolution of “Sturrock’s dilemma” in the propagation of solar beams in type III radio-bursts, anomalous resistivity in space plasmas for acceleration and reconnection, the physics of the Critical Ionization Velocity, the Tether Mission and the Physics of magnetospheric substorms and storms.

2. Recent Accomplishments
In addition to subject 1c above that continuous to occupy my effort the following two areas constitute my recent accomplishments:

a. 3D MHD Modeling of the Magnetsophere

My group has been the major computational Geospace effort of NASA’s ISTP mission receiving data dynamically from several spacecraft and using our major code, the LFM model to study the physics controlling Space Weather Events (Publication .  Our most recent theoretical achievement has been the understanding of the physics involved in Major Magnetospheric Storms (Publications # 217, 229, 230) and the identification of a magnetospheric substorm as a Phase-Transition (Publications # 216, 223, 224, 226, 227)

b. THz Radiation Using Superluminous Ionization Fronts In Optoelectronics 

I recently conceived a novel source of powerful THz waves by combining an astrophysical and a plasma physics concept and implementing in the laboratory through the use of a femto-second laser interacting with an alternatively charged semiconductor wafer.  In collaboration with colleagues from the University of Jerusalem we conducted a proof-of-principle experiment published first in PRL (Publication # 222).  In a series of papers we further developed it as the most powerful THz source and we are currently conducting imaging experiments (Publications 213, 215, 222, 229)

3. National and International Service

I am currently involved in a number of international committees concerning issues related with nuclear weapons proliferation and weaponization of space.  One is run by the Council for Foreign Relations and two by the Eisenhower Institute.

