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3AF & SIGMA2

France Aeronautical & Astronautical Association (3AF) was founded in1947.

It has about 1500 members as well as collective members including institutions such as CNES (French Space

Agency), DGA (Ministry of Defense “Direction générale pour l’armement”) and DGAC (“Direction de l'aviation civile”)

as well as Engineering post academic schools.

3AF is a technical society which organizes scientific symposia such as space propulsion, green aviation, integrated air

and missile defense. It also leads aerodynamics, commercial aviation, light air machines et machines, skills and

training, drones, environment, flight tests, space observation and exploration, helicopters, history, economic

intelligence and strategy, materials, missiles, IP, aero and space propulsion, Sigma 2 (UAP), strategy and international

affairs, structures, optronics systems, space transportation.

SIGMA2 Technical commission of the 3AF society is composed of expert members who bring their experience and

know-how in diversified fields of expertise : engineers, academics, radiation specialists, former pilots and former

career officers, astronauts, doctors, psychologists...

For many years, the work of the SIGMA 2 Technical commission has focused on the study of the observation and

physics of Unidentified Aerospace Phenomena (in French: “Phénomènes aériens non identifiés” = PAN).

Some of the work performed by SIGMA 2 contributes to the expertise carried out by CNES/GEIPAN through the

GEIPAN College of Experts.

The research conducted by SIGMA 2 experts is based on various sources of information, with a particular interest in

cases observed an occurred in France or abroad, which allow the study of data or materials contributing to a better

understanding of the phenomena.
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• What is UAP physical observables approach by SIGMA2

• Optical and EM observables: plasma multi phenomena, multi frequency observation



UAPs, what do they look like?

How to discriminate UFO/ UAP from atmospheric phenomena?

Optical observable can be diverse between UAPs and can vary quickly during an observation

(punctual to a shape, several objects fuzzing, changing of shape, ovoid to dart…change of colour, of

radiation intensity, slow, floating, moving or stationary, sudden acceleration).

There are also other physical observables in EM spectrum, radar signatures, EM transmission

including microwaves, accoustical etc… Interaction between UAP and the environment is also worth

studying it.

“luminous spheres”  “plasmoid”, single or group: high velocity/acceleration - change of group geometry-

Hessadalen- Foo Fighter 

Can be confused with ball lightning in some cases



Mystérieux Objets Célestes (MOC) en France:

faire établir par les témoins, militaires ou civils, un

compte-rendu objectif et détaillé,

transmettre ce compte-rendu, revêtu de leur avis,

directement à l'Etat-Major (Bureau Scientifique)

sous le présent timbre.

Le Général de Corps Aérien GELEE

Major Général de l'Armée de l'Air

/GELEE/

Pour ampliation

directive ministérielle 267

Instruction concernant l'établissement 
et la transmission des comptes-rendus 
relatifs aux Mystérieux Objets Célestes 
(M. O. C.) 

Secrétariat d'Etat à l'Air, n° 267/EMFA/A/BS/DR 

Paris, le 22 octobre 1954 

A de nombreuses reprises la presse a signalé que des objets mystérieux - 

habituellement baptisés "Soucoupes Volantes" - étaient apparus au-
dessus de la France, avaient survolé des agglomérations, des installations 

militaires ou des bases aériennes, et parfois atterri en campagne. 
Quelques-uns de ces apparitions ont même donné lieu à des rapports 

officiels. 

En général, la description très vague des faits observés et le manque de 
détails essentiels sur les circonstances de l'observation ne permettent pas 

de se prononcer après coup sur la réalité des objets vus ni sur leur 
origine. 

La plupart des phénomènes signalés par les témoins de bonne foi 
paraissent dûs soit à des objets connus, mais vus dans des conditions 

anormales, soit à des effets d'optique ou d'électricité atmosphérique. Telle 
sont, d'ailleurs, les conclusions d'une enquête de l'US Air Force sur les 

cas observés aux Etats-Unis et l'opinion de nombreux savants français ou 
étrangers. 

Un certain nombre de faits sont cependant restés inexpliqués, faute de 
renseignements suffisants, et cette situation peut se reproduire. Il importe 

donc, tout en évitant de créer ou d'entretenir une émotion injustifiée, de 
rassembler le maximum d'informations sincères et précises sur les 

apparitions éventuelles. L'Armée de l'Air peut et doit apporter sa 
contribution à une appréciation objective des faits. 

A cette fin, les Grands Commandements demanderont aux Commandants 
des bases et formations de l'Armée de l'Air placées sous leurs ordres de 

bien vouloir, lorsqu'un mystérieux objet céleste leur sera signalé : 



Pan in France: 1954 directive ministérielle

On MOC (historical UAP cases files)
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SIGMA2 is a group of multi disciplinary experts (pilots, astronaut, engineers 

in missiles, air defense, optronics, radar, EM, ball lightning, directed energy 

physicists) gathered in a scientific society to study UAP cases 

20                           New Concepts in Global Tectonics Newsletter, no. 44, September, 2007 

Figure 2.  Luminous phenomenon on 10 August, 2007 in Langhirano (Parma, Italy) which was followed by a seismic event 

(magnitude 2.9, 12 km depth) five days later. This photograph was published by Gazetta di Parma on 15 August, 2007. 

of luminous phenomena similar to those of the Taro Valley come from Sassalbo (MS), Monte Musinè (Piedmont), 

and Valconca (Monti Sibillini). 

The connection between these effects and earthquakes suggests the possibility of some tangible correlation and 

studies on the subject have been ongoing for some decades (Teodorani, ibid.). Such studies often refer to a close 

connection between the release of the earthquake energy, the production of electromagnetic fields in the epicentre 

zone – along the fracture lines, frequently – and luminous phenomena in the atmosphere. 

The 'Hessdalen phenomenon' allowed particular analysis (Teodorani and Strand, 1998; Teodorani, 2003 & 2004). 

Since the 1980s Hessdalen, a small Norwegian village, has been the centre of scientific investigation into the topic. 

Luminous phenomena have been photographed and surveyed with the aid of sophisticated technical equipment 

(Teodorani and Nobili, 2002): VLF-ELF receivers, spectrometers, wide-beam antennas, spectrum analysers, and 

high resolution cameras and it has been proposed that these phenomena are generated by tectonic stress producing 

the cracking of rocks (Teodorani, 2003; Derr, 1986; Freund, 2003; Lockner et al., 1983; Zou, 1995). For instance, 

the effect may be triggered by slow pressure exerted on juxtaposed rock formations at depth. Energy is transferred 

through faults, contacts or tectonic accidents, to zones where the cracking occurs. Some of the studied cases show 

that this happens at distances of several kilometres and this is the case with the Taro System (Line), Figure 1.  

The 'Taro River Line' and the other seismic zones

In Italy, the Taro Line comprises sedimentary and igneous formations with mineral clusters that have the potential 

to trigger and/or amplify the electromagnetic or electrochemical phenomena of the rocks (Teodorani, 2003). The 

genesis of the plasmas – free electrons and ions – is aided by the presence of underground copper or other ferrous 

minerals and also by a certain degree of humidity (Teodorani, 2004, Derr, 1986; Freund, 2003; Locker et al., 1983; 

Zou, 1995). Electromagnetic particles (Turner, 2003) as well as VLF and UHF radiations measurable at particular 

intervals (Teodorani, 2004) are released in zones subject to tectonic stress. In order to explain the phenomenon of 

the balls of light, other models have been elaborated, taking into account electrochemical properties (Turner, 1998 

& 2003), or the presence of nanoparticles found on the soil (Abrahamson and Dinniss, 2000). Magnetic 

disturbances may also act as a trigger (Strand, 1985; Teodorani and Strand, 2001). 

3AF SIGMA2

(créée en 2008- CT PAN)

http://upload.wikimedia.org/wikipedia/commons/f/f4/RedSprite.jpg
http://ceres.geol.u-psud.fr/fripon/IMG/jpg/fripon-pic.jpg
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SIGMA2 collaboration with societies/ institutions

• CNES GEIPAN (France)

• CEFAA (Chili)

• NARCAP US

• Laboratoire de recherche sur la Foudre (France)

• IMCCE (Observatoire de Paris- Institut working on meteorid)

• SCU (US)

• Others to come : SUAPS, AIAA,…

• Webinar 1 on UAP Optical observables (SCU, SUAPS, VASCO, UAPx, Gallieo, Hessdallen project,..) June 2023

GEIPAN international colloque

CAIPAN 2- SIGMA2 experts (Toulouse 2022)

3AF SIGMA2 Webinar 1 on UAP optical observables

(June 2023, Paris aeroclub de France)

Table ronde a 3AF avec C. Mellon- Dr J. Vallee

A.Juillet le 3 Nov 

UAP:environnement international et US
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« UAP » Russie: : programme SETKA



« UAP » Russie: : programme SETKA

“Setka MO” (Ministère de la défense): “Recherche sur les phénomènes paranormaux atmosphériques

et spatiaux et leur influence sur les opérations des matériels et personnels militaires

“Setka AS” (Academy of Sciences): ” Programme de recherche sur la physique de s phénomènes

paranormaux atomesphériques et spatiaux”



The ‘NIMITZ’ Case
Forensic analysis of US Navy CSG 11’s 

Encounter with AAV

- STORYBOARD -

14th November 2004



USS Nimitz
Nuclear Aircraft Carrier

USS Princeton
Missile Cruiser

VMFA-232

F/A-18C ‘Hornet’

VFA-41
F/A-18F ‘Super Hornet’

VAW-117
E-2 Hawkeye EW aircraft

CSG 11

San Diego



CSG 11

Nov-10-13, 2004 : Pre-event Information

USS Princeton’s SPY-1 radar officer detect

several waves of 8-20 UFOs spotted over

Catalina Islands and travelled south at

80,000 ft at about 100 kts.

Notice confirmed by USS Nimitz and

AN/APS-145 radar of the E-2 Hawkeye.

UFOs disappears.

No action taken.

Alt: 80,000ft

V: 100 kts

San Diego



CSG 11

Nov 14th, 2004 : Decision To Intercept

11:00AM to 01:00PM

Skies : Clear

Wind : No

Water : Very calm

Alt: 80,000ft

V: 100 kts

Again, USS Princeton’s SPY-1 radar and

USS Nimitz detect 14 UFOs, spread out

uniformly across 100 miles, and navigating

from 28,000ft to 500ft in very fast variations.

E-2 Hawkeye detect only the nearest one.

All radars’ data were combined by CEC into

one picture

Alt: 28,000ft

Alt: <500ft

As an Air Defence exercise involving many

aircrafts is scheduled in zone soon,

authorization to intercept the closest target is

given to USS Princeton

San Diego



Exact location of UFO is unknown but it was

within 60 miles of the USS Nimitz

Lt. Colonel Douglas Kurth’s F/A-18C, already

in flight was first in target.

But no contact : Kurth only saw a 50-100m

circular area of ‘white water’ before mission

aborted.

Two F/A-18Fs of the first wave of the Air

Defence Exercise are approaching target

CSG 11

San Diego

Nov 14th, 2004 : F/A-18C First Jet To Investigate

~02:00PM

Water disturbance



‘Super Hornets’ proceed with onboard APG-

73 radar set to 20miles in all directions with

no success to detect object.

Vectored by USS Princeton, F/1-18Fs go to

Combat Air Patrol Coordinates

CSG 11

San Diego

Nov 14th, 2004 : F/A-18Fs Encounter the UFO

02:10PM to 02:40PM



San Diego

Nov 14th, 2004 : F/A-18Fs Encounter the

UFO

02:10PM to 02:40PM

CAP @ 20,000 ft

CAP @  Sea level

Merge Plot

F/A-18 Leader decides to investigate and

descend towards object.

The ‘Tic-Tac’ starts then to move from the

disturbance, mirroring the jet movements.

As the Leader is descending, the Tic-Tac is

ascending toward the nine o’clock position

The object shoots up across Jet nose and

instantaneously heads south : F/A-18Fs no

longer see the object and the disturbance.

Less than a couple of minutes later, as F/A-

18Fs decide to return to the CAP point, USS

Princeton notifies them that the object is

already exactly on it, 60NM farther.

USS Nimitz

Water disturbance



CSG 11

Nov 14th, 2004 : USS Princeton’s View

02:10PM to 02:40PM

The F/A-18F Leader engagement of the ‘Tic-

Tac’, was monitored by the USS Princeton in

real-time.

When the object shoots up across the Jet

nose, the other targets on the USS

Princeton’s radar screen drop from altitude

towards ocean.

San Diego



CSG 11

Nov 14th, 2004 : IR Video evidence

04:20PM

Under the control of the E-2 Hawkeye radar,

two F/A-18Fs from the third wave of the Air

Defence exercise came to the south of the

CAP point, where the ‘Tic-Tac’ was last seen.

One of the F/A-18Fs picked up a radar

contact in the RWS scan mode at about

33miles to its south.

The E-2 Hawkeye attempted to lock it

several times without success and with no

evidence of jamming.

San Diego

But an IR video of the event was recorded by

the ATFLIR pod of the F/A-18F



https://coi.tothestarsacademy.com/gimbal/

Several remarks about this video:

- As the carrier is turning, the cloud background scrolls 

across the image, but the object remains very stable.

-”Rotation" of the object takes place when the bearing is 

between 5°L and 5°R, while the aspect angle of the object 

has remained stable between 54°L and 10°L.

- Rotation is done in jerks which are visible on the structures 

of the image (clouds).

- Tracking is faulted in the last seconds of the video, but the 

object remains within the field of the tracker.

One would like to see the optical combination of the pod and in particular, know if it has an optical re-rotation module 

(bearing pointing by a mirror at the head, hence rotation of the image around 0°). This could explain the abrupt 

rotation of the object at zero bearing, which could simply be due to a fault in the pod.

https://coi.tothestarsacademy.com/gimbal/
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Statement on UAP

An international subject with national stakes

UAP are real phenomena with remarkable observables collected around the world

Visible and Optical sightings- radar observation

EM radiation- EM effects- Physical effects on human being and environment .

More recently IR sensors have been used to collect thermal images of alleged UAP

Some nations reactivated their investigation structures on UAP recently: US change of posture

- USA: had a classified program (AATIP, AASWG) ….unveiled in 2017- apparent change of posture

- Whistle blowers and pressure from Congress on Pentagon and IC

- A structure is created inside Pentagon (UAP task Force then AARO) 2020-2022 who published 4 reports but no

real cases description (last one in March 24 )- no available technical reports – complex organization.

- NASA conducted an undependant study (report issued on 14 september 2023

- Japan UAP Task force in 2020

- Canada (sceintific report on its way?)

- Audition by European parlement pilots and scientists on UAP lead by Portugese euro deputy Gerreiro (March 24th)

International scientific and academic experts starts physical approach of UAP

(Galileo, 3AF SIGMA2, NOVALEM ANALYTICS, LLC, SCU / Scientific Coalition for UAP Studies, Limina / Society for UAP

studies, Vasco project team): agreement, webinar, joint analysis happened

But physical data and technical reports on UAP consistent cases are missing.

In France a structure is in place since 1977, GEIPAN with two tasks : conduct investigation of cases submitted by french

cittizen with support of gendarmerie nationale and french air force in some cases then publsih reports some with details

(see report on Air France flight, Trans en Provence etc).

3AF SIGMA2 is complementary of GEIPAN and contributes to GEIPAN expert college.

Technical Commission 3AF- SIGMA 2 
 



Director of National 
Intelligence

DNI  / ODNI

Avril D. Haines

Deputy Secretary of Defense 

DEPTSECDEF

Kathleen Hicks

Principal Deputy of the
Director of National Intelligence 

PDDNI / Dr. Stacey A. Dixon

Under Secretary of Defense for 
Intelligence and Security  USDI & 

USD (i&S)

OUSDI /  Ronald Moultrie

UAPTF  - UAP Task Force (2020-2021)

USAF OSI
Office of Special
Investigations

US SPACE FORCE 
(USSF)

Department for Air 
Force

US Defense agencies

DIA

NSA

NRO

Etc.

Department of the Navy

US AIR FORCE (USAF)

Private
Sector US Secretary of Defense

Lloyd J. Austin 

US ARMY US MARINE CORPS

«OUR SPACE»  
High level

intelligence 
thinking group ? 

US NAVY

1. Surveillance, Collection and Reporting
2. System Capabilities and Design

3. Intelligence Operations and Analysis
4. Mitigation and Defeat

5. Governance
6. Science and Technology

Information? 

All-domain Anomaly Resolution Office 

AOISMG  → AARO (2022) - Dr. Sean M. Kirkpatrick

www.aaro.mil

US CONGRESS
Congressional Intelligence 

& Armed Services Committees

Other U.S. federal departments 
& agencies: FAA, NGA, NOAA, etc.

AARO Executive Council 
(AAROEXEC)

Defense Advanced 
Research Projects Agency 

DARPA

NASA 

« Independant study »

Panel of Experts

+ Director of research

White House Pdt Biden

US National Security Council

J. Sullivan

Pt Biden, 13 Feb 2023 
Interagency Group (National 

security advidor)

Sept. 

2023

5 EYES 

DoD Office of 
Inspector General

Scientifc

Societies

Gallileo..

A complex synchronization:

What’s cooking?



UAP: « Official studies»
international affairs (sept. 2023)

Official organization conducting 

investigation/or research on 

UAP
Past official organizations-data 

files forwarded to NGOs

Past official organization to investigate 

on UAP- UAP files published

No information

ODNI reports 2021 & 2023 

+

DoD’s All-domain Anomaly Resolution  & 

Office (AARO)

+ 

NASA independent study team on UAPs

(Public meeting 31the May 2023) 

+ 

Congress Hearings:

Senate Hearings 19th April 2023

& US House of Representatives Hearings 

26th July 2023

+ 

NDAA 2024 / UAP provisions adopted 

27 July 2023

Five Continents Initiative (2018)San  Marino  
(2020→ UN in 2023 ?) 

China UAP 

Task Force

Brasilian

Senate

Hearing

s 2022

CAIPAN II (2022)

Rapport 2021

Webinar 1 2023

Academy of sciences

Institute of Applied Mathematics(IPM) 

Projet Sky Canada

Mexico

Parliamen

t

Hearings

Sept. 2023

Holy See ?
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UAPs shapes

Discrete localized phenomena (orange point), then 

lenticular or ovoid, bright silver disk (many forms) 

multiple colors intense flashes even in stationary 

position – increase of intensity before moving…

Variable phenomena 

Change of geometric shape (disc-arrows), 

blurring effect on the side, static or slow, 

rectilinear or oscillating movement, sudden 

accelerations with angles at 90 degrees, 

reversal, silence or emission of crackling, 

ultrasound, change of appearance (bright, 

metallic), change in color and intensity… 

IR observations: 

Difficult interpretation, requiring other observations, in particular radar 

to remove the ambiguities on the distance (case of a drone? case of 

an airplane, questions about possible masks along LOS)

https://www.youtube.com/watch?v=OqWEXLj7zMs&feature=related]. (gendarme sighting report 1975, Revigny France



UAP observables reported : any link with plasma?

Plasma source of light or consequence

Optical  light glow effect (single, multiple in group)

(blue, white, color change)
RB47, Teheran, Lakeneath,05/11/90 case…)

Hovering to hypervelocity

Strong acceleration

Low inertia appearance

MW EM waves pulsed transmission
1-3 GHz, 9 GHz records

Large RCS (“707” RCS or low RCS observable/ 

Instantaneous disappearance of radar plot

Pulsed active EM transmission from UAP sometimes
Russian case, Teheran case

RB47 (US) 3 GHz, 1 μs, 600 Hz, B52 (Malmstrom)

B52 SAC crews required to record EM signals at 3 GHz

MW  Pulse Effects on electronics

Similar to EM weapons

Eg Teheran case (1976)

Low to no interaction with environment

Air, water… MHD like?
To compare to MHD EM energy effect on airflow

MW  EME Effects human

“heating” burning effect: skin, eye: UV

Acoustical effect (infrasound, low 

frequency)- cerebral and memory

Similar to EM Weapons 

MW  Effects on environment: vegetation

MW  High Energy deposit effects on atmosphere

(striation)
Petrozadvosk (Russia)

“similar to nuclear radiation induced effect (X, gamma rays)

or artificial stimulation on atmosphere or sprites

Green balls close to US atmospheric tests, Madagascar case…)

US experimentation with electrons guns in the 80s to stimulate

Atmosphere radiation under energy beam

Apparent shape shifting

Plasma?

 
           

 

 

   

      

    

 

   

 

  

    

        



US AARO depicts some UAP characteristics

https://www.aaro.mil/Portals/136/PDFs/Latest_UAP_Reporting_Trends_Presentation.pdf?ver=2ZJZ6Bg4hNpjiBlRzC-VjA%3d%3d

https://d34w7g4gy10iej.cloudfront.net/video/2304/DOD_109584445/D

OD_109584445.mp4

Reporting UAPs

Military personnel should report through their command or service in accordance with GENADMIN Joint Staff J3 Washington DC 191452ZMAY23 

“Unidentified Anomalous Phenomena Reporting and Material Disposition."

Civilian pilots are encouraged to promptly report UAP sightings to air traffic control. AARO receives UAP-related Pilot Reports (PIREPs) from the 

Federal Aviation Administration.
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metadata and are not optimized for systematic scienti f c analysis. Here, NASA 

– with its world-leading expertise in curation, ar chiving, and distribution of large 

volumes of data – can play a key r ole. NASA’s adherence to FAIR (Findability, 

Accessibility, Interoperability and Reusability) data principles when generating 

curated data repositories enables both scientists and citizen scientists to 

conduct data-mining and meaningful analysis. In addition, due to the absence 

of a comprehensive system for gathering civilian UAP r eports, there are incon-

sistencies in how data is collected, pr ocessed, and curated. The application 

of NASA’s rigor to UAP data protocols will ultimately be essential for a detailed 

understanding of these phenomena.

The U.S. commercial remote-sensing industry of fers a potent mix of Earth-  

observing sensors that have the collective potential to dir ectly resolve UAP 

events. For instance, commercial satellite constellations provide imagery at 

sub- to several-meter spatial r esolution, which is well-matched to the typical 

spatial scales of known UAP. In addition, the high temporal cadence of fered by 

commercial remote-sensing networks can substantially incr ease the likelihood 

of providing retroactive coverage of UAP events that ar e initially observed via 

other means. The limitation on this data is that at any given time most of the 

Earth’s surface is not covered by commercial satellites at high resolution — for 

a particular UAP event, we will need to be fortunate to obtain high-r esolution 

observations from space.

Beyond this, the panel applauds the ef forts undertaken in the private sector and 

U.S. academic community to employ one or mor e inexpensive ground-based 

sensors that are capable of surveying large areas of the sky. Such sensors, 

which could potentially be rapidly deployed to ar eas of known UAP activity may 

play a key role in establishing so-called “patter n-of-activity” trends, as well as 

potentially the physical characteristics of UAP themselves.

South Asian Object (Image 1)

Footage taken by an MQ-9 of an unidentified object in South Asia with an apparent  

atmospheric wake or cavitation, later assessed as a likely commercial aircraft by the  

All-domain Anomaly Resolution Office. The cavitation is likely a sensor artifact resulting  

from video compression. 

The appearance of U.S. Department of Defense (DoD) visual informa tion does not imply or constitute DoD endorsement.

What types of scientific data currently collected and held by non-profits and 
companies should be synthesized and analyzed to potentially shed light on 
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metadata and are not optimized for systematic scienti f c analysis. Here, NASA 
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potentially the physical characteristics of UAP themselves.

South Asian Object (Image 1)

Footage taken by an MQ-9 of an unidentified object in South Asia with an apparent  
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Artif cial intelligence (AI) and machine lear ning (ML) have proven to be essential 

tools for identifying rare occurrences within vast datasets. These method-  

ologies, combined with NASA’s extensive experience and expertise, should  

be utilized to investigate the natur e and origins of UAP by examining data fr om 

sources such as satellites and radar systems. However , the effectiveness of  

AI and ML in studying UAP depends critically upon the quality of the data used 

to train the AI and in subsequent analysis. At pr esent, UAP analysis is more 

limited by the quality of data than by the availability of techniques. As a  

consequence, it is a higher priority to obtain better quality data than it is to 

develop new analysis techniques.

Once AARO and other agencies, including NASA, accumulate an extensive 

and well-curated catalog of baseline data, these can be used to train neural 

networks so that they can characterize deviations fr om normal. The panel f nds 

that standard techniques that are routinely applied in astronomy, particle  

physics, and other areas of science can be adapted for these analyses.

When it comes to detecting anomalies – such as UAP – within datasets, ther e 

are two approaches. The f rst approach involves constructing a model that 

represents the expected signal characteristics then sear ching for any matches 

against this model. The second appr oach involves using a model of the back -

ground properties and searching for anything that deviates from that model.  

The panel notes that the f rst approach is diff cult as we do not possess a 

consistent description of the physical characteristics of UAP. The second 

Which scientific analysis techniques currently in production could be  
employed to assess the nature and origins of UAP? Which types of  
analysis techniques should be developed? 

4

Middle East Object

Footage taken by an MQ-9 of an  

apparent silver, orb-like object in  

the Middle East. Due to limited data,  

the object remains unidentified.

The appearance of U.S. Department of Defense  
(DoD) visual information does not imply or constitute  
DoD endorsement.

FINDING  

AI and ML, combined with NASA's  

extensive expertise, should be utilized  

to investigate the nature and origins  

of UAP.
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Ball lightning (from NARCAP TR-7, 2002)

www.narcap.org

Plasma

Natural Phenomena (ball lightning familly)

La foudre en boule est caractérisée par l’apparition d’un phénomène lumineux durant un orage, simultanément à un coup de foudre ou 

quelques secondes plus tard. Plusieurs autres critères sont nécessaires comme la forme qui doit être sphérique, la taille qui ne doit pas excé-

der cinquante centimètres, une durée de vie assez courte avec un maximum de 30 secondes et l’altitude d’évolution qui doit être comprise 

entre le sol et cinq mètres de hauteur. Le météore lumineux peut être statique ou mobile, son déplacement est la plupart du temps relative-

ment rapide.  

I - LA FOUDRE EN BOULE 

II - LA FOUDRE GLOBULAIRE 

La foudre globulaire est caractérisée par l’apparition d’un phénomène lumineux lors d’un orage ou durant une ambiance orageuse (temps 

lourd, éclairs ou tonnerre sporadiques…) ou en présence d’intenses champs électriques ou magnétiques naturels. Le point déterminant de 

caractérisation est l’aspect visuelle qui n’est pas forcément sphérique, mais peut changer de forme ou comporter des aigrettes, cela inclut des 

changements de dimensions et d’apparences durant son évolution. La durée de vie peut varier de quelques secondes à plusieurs minutes 

(exceptionnellement plusieurs dizaines de minutes), le météore lumineux peut être statique ou se déplacer sur des distances allant de 

quelques dizaines de mètres à des distances bien plus importantes, de l’ordre de plusieurs centaines de mètres. La taille peut varier de 

quelques dizaines de centimètres à plusieurs mètres, et son altitude d’évolution peut aller du niveau du sol à plusieurs centaines de mètres 

de hauteur. Des changements d’altitude ou des rebonds sur le sol sont régulièrement observés. 

TYPOLOGIE VISUELLE  
DE LA FOUDRE EN BOULE 

Basée sur 406 observations entre 1994 et 2020 

 

 

III - LE P.L.O.T 
Phénomène Lumineux Orageux Transitoire 

Le P.L.O.T ou Phénomène Lumineux Orageux Transitoire est caractérisé par un phénomène lumineux atmosphérique de dimensions et 

d’apparences très variables qui se produit soit par temps orageux, soit en dehors de l’enveloppe d’un orage actif, soit par beau temps ou bien 

lors de champs électriques, magnétiques, électromagnétiques ou électrostatiques très élevés. Des phénomènes de ce type sont observés 

avant, durant, ou après les séismes, plus rarement dans le panache d’une éruption volcanique lorsque des décharges électriques viennent à 

se produire. Le P.L.O.T peut avoir des phases statiques sur une partie de sa durée de vie comprise entre quelques secondes et plusieurs 

minutes ou de sa trajectoire. Observable à toutes les altitudes, du sol jusqu’à la tropopause. 

Cette typologie des différentes catégories de la foudre en boule présente des reproductions fidèles des apparences visuelles du phénomène 

observées par les témoins. Elle n’est pas exhaustive, étant susceptible d’évoluer en fonctions des observations rapportées.  

© Laboratoire de Recherche sur la Foudre  

www.labofoudre.com   contact@labofoudre.com  

Version V2 - 2021 
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Figure 2.  Luminous phenomenon on 10 August, 2007 in Langhirano (Parma, Italy) which was followed by a seismic event 

(magnitude 2.9, 12 km depth) five days later. This photograph was published by Gazetta di Parma on 15 August, 2007. 

of luminous phenomena similar to those of the Taro Valley come from Sassalbo (MS), Monte Musinè (Piedmont), 

and Valconca (Monti Sibillini). 

The connection between these effects and earthquakes suggests the possibility of some tangible correlation and 

studies on the subject have been ongoing for some decades (Teodorani, ibid.). Such studies often refer to a close 

connection between the release of the earthquake energy, the production of electromagnetic fields in the epicentre 

zone – along the fracture lines, frequently – and luminous phenomena in the atmosphere. 

The 'Hessdalen phenomenon' allowed particular analysis (Teodorani and Strand, 1998; Teodorani, 2003 & 2004). 

Since the 1980s Hessdalen, a small Norwegian village, has been the centre of scientific investigation into the topic. 

Luminous phenomena have been photographed and surveyed with the aid of sophisticated technical equipment 

(Teodorani and Nobili, 2002): VLF-ELF receivers, spectrometers, wide-beam antennas, spectrum analysers, and 

high resolution cameras and it has been proposed that these phenomena are generated by tectonic stress producing 

the cracking of rocks (Teodorani, 2003; Derr, 1986; Freund, 2003; Lockner et al., 1983; Zou, 1995). For instance, 

the effect may be triggered by slow pressure exerted on juxtaposed rock formations at depth. Energy is transferred 

through faults, contacts or tectonic accidents, to zones where the cracking occurs. Some of the studied cases show 

that this happens at distances of several kilometres and this is the case with the Taro System (Line), Figure 1.  

The 'Taro River Line' and the other seismic zones

In Italy, the Taro Line comprises sedimentary and igneous formations with mineral clusters that have the potential 

to trigger and/or amplify the electromagnetic or electrochemical phenomena of the rocks (Teodorani, 2003). The 

genesis of the plasmas – free electrons and ions – is aided by the presence of underground copper or other ferrous 

minerals and also by a certain degree of humidity (Teodorani, 2004, Derr, 1986; Freund, 2003; Locker et al., 1983; 

Zou, 1995). Electromagnetic particles (Turner, 2003) as well as VLF and UHF radiations measurable at particular 

intervals (Teodorani, 2004) are released in zones subject to tectonic stress. In order to explain the phenomenon of 

the balls of light, other models have been elaborated, taking into account electrochemical properties (Turner, 1998 

& 2003), or the presence of nanoparticles found on the soil (Abrahamson and Dinniss, 2000). Magnetic 

disturbances may also act as a trigger (Strand, 1985; Teodorani and Strand, 2001). 

Specific analysis of ball lightning and similar phenomena- Preliminary conclusion (SIGMA2 Progress report 2021)

PLOT (Phénomène Lumineux Transitoire Orageux) / Ball lightning can show different luminous features, spherical, flying in altitude 

, might reach sound speed, in group or single

No sudden change of direction, no stationnary flight- not supersonic

Different analysis  including from UK MoD analysis favoring plasmoid as a possible conclusion/explanation for UAP.
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UAP: ground and vegetation tracks

(Cas Geipan Trans en Provence: 09/01/1981)

EME MW effects on the ground and vegetation

Ageing and drying of grass proportionally to the 

range to center

Photos origine Wikipedia



Analysis of samples

Work in progress : cooperation Dr J. Vallée – SIGMA2

SEM
scanning electron microscope

EDX
Energy-dispersive X-ray spectroscopy



SIGMA2: a collaborative and multi disciplinary 
approach to study UAP

• Aknowledgments

• Introduction to 3AF SIGMA2 : from “MOC to UAP” and GEIPAN, SIGMA2

• International situation

• What is UAP physical observables approach by SIGMA2

• Optical and EM observables: plasma multi phenomena, multi frequency observation



Optical/IR observation radar are complementary
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« Aéro » case of Flight  AF3532 (Nice-Londres) 27/01/1994

Visual sighting (optical)+ radar

Optical/ visual sighting: object round, change of shape (disk to triangle) left sector

Simultaneous radar track on right side of the aircraft  

(different localization of the optical object “center” and the Radar phase center)

Both disappeared (visual sighting and radar track ) simultaneously 
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Case study:

Chilean Navy “Cougar” UAP (11/11/2014)
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13:52:38 13:56:41 14:00:10

Case study:

Chilean Navy “Cougar” UAP (11/11/2014)
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IR images from Cougar

Cougar

IBE 6830

A340 

Pas d’observation IR

16:50:35

R> 80 km Secteur avant

 

 

 

1 2 3 4

16:54:10
Z=18 500’ Rte =028° D=49 NM LOS=28°

Case study:

Chilean Navy “Cougar” UAP (11/11/2014)



Case study:

UAP at the Rafael Hernández International Airport (BQN)

Aguadilla, Puerto Rico (25/04/2013)



UAP image disappearing 
or fading

UAP image splitting

Why?

What is the trajectory? 
Range? Altitude?

Case study:

UAP: Aguadilla airport, Puerto Rico (25/04/2013)



Video data based 
DHC-8 trajectory

UAP location can 
be anywhere on 
lines of sight 
(LOS) 

Target altitudes = 
ground elevation

Case study:

UAP: Aguadilla airport, Puerto Rico (25/04/2013)



3AF SIGMA2 Technical Commission – Progress report on UAP 2021 v1

5.2.1 IR signature of drones 

Figure 5.2.1.1 : thermal image of micro drone in

band 2 (gray body type emission)

Figure 5.2.1.2  : thermal image of micro drone in

band 3 (gray body type emission)

Object signature (shape) in 

visible and IR are different

in visible the real shape is 

seen by reflecting the 

sunshine.

In IR spectrum, the shape is 

perceived from thermal 

emission (hot spots mainly, 

partially seen) some 

generating an image.

Blurring mostly due to 

saturation.

3 engines jet seen by the 

DHC-8  patrol aircraft IR 

camera (IR band 2)

3 hot spots nozzles with 

saturating effect (white 

circles)

Microdrone –

electrical powered 

with rotors

In visible (left- IR 

band 2 center- IR 

band 3 right)

Thai lantern 

: visible 

(right), IR 

band 3 

image (left)

Case study:

UAP: Aguadilla airport, Puerto Rico (25/04/2013)



? 

Deux échos radar 
de grande taille à 

analyser 

Sighting case analysis

CHANNEL ISLAND CASE (GUERNSEY-JERSEY) 23/04/2007

SIGMA2 attempt to analyse Elvira radar files (on going)

Elvira radar files are courtesy from M. Rob Jeffs who provided nicely these files to 3AF /SIGMA2

(Jersey+ Guernsey primary and secondary radar files+ audio records)

 

Reconstruction of the storyboard with PowerPoint in a 12 images footage, each of them corresponding to Ray Bowyer radio transmitted observations 

The cockpit picture is indeed that of a Trislander 

The image of the landscape comes from Google Earth ; view has been taken from the actual aircraft position at the indicated time 

The haze layer has been made with a grey rectangle : it’s possible to adjust color and transparency in order to reconstruct meteorological conditions as Ray Bowyer can remember them 

UAP view is an artist’s impression 

14:17:14 : AL455 is descending, passing through 2900’ : “Low to me now, er, I'd say 2000 feet, 1500”

Ile de Burhou
Ile d’Alderney

UAP

Aircraft 1  

AL544

LOS (12H)

Aircraft 2 Blue Island 

LOS (8H)

3
1

2

Observation 3D Virtual restitution

?

ELVIRA ATC system

Screenshots during event



CHANNEL ISLAND CASE (GUERNSEY-JERSEY) 23/04/2007

SIGMA2 Elvira radars plots complex analysis (on going)

Track 1 Radar plots mapping

Leapfrog seen from Guernsey and Jersey
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Plasma generation in visible and UV spectrum

« visible and blue glows »: artificial or natural generation?

Home > Shock Wave Control by Plasmas

Shock Wave Control by Plasmas
(Sponsored by the air Force Office of Scientific Research and MSE, Inc. under a NASA prime)

 

Photograph of the supersonic nitrogen plasma flow

over a wedge in a DC discharge afterglow. P0=2/3

atm, M=3

 

Photograph of the supersonic nitrogen plasma flow

over a wedge in an RF discharge afterglow. P =1/3

atm, M=2

Reports of anomalous shock wave behavior in weakly ionized plasmas have recently stimulated

considerable interest due to possible implications for supersonic flow control. These may include drag

reduction, varying lift-to-drag ratio, MHD energy extraction, and MHD boundary layer control. This

Tphenomenon has been extensively studied for the last 15 years, mostly in Russia at the A.F. Ioffe

Physicotechnical Institute in St. Petersburg and the Radio Technical Institute in Moscow. More recently,

similar experiments have been conducted at the U.S. Air Force Laboratories - Wright Patterson and the

Arnold Engineering Development Center. The results demonstrate the following effects:

acceleration, weakening, and splitting of shock waves launched into glow discharge plasmas with

ionization fraction of 100 ppb - 1 ppm

 

weakening of a bow shock formed ahead of a projectile moving through a discharge plasma at a

supersonic velocity (shock stand-off distance increase)

 

dramatic wave drag reduction on the projectile (up to 50%)

 

 

  These effects have been reported in discharges in various gases (Ar, He, N , air, and CO ) at

pressures of 3- 30 Torr, and for Mach numbers in the range 1.5-4.5. They also persist for signi ficant time

durations after the discharge is turned off (~1 msec in air). The Nonequilibrium Thermodynamics

Laboratory has been conducting an experimental and theoretical study of these phenomena over the

last three years. The experiments are conducted in (A) a long run time nonequilibrium plasma wind

tunnel, and (B) a diffuse nonequilibrium plasma sustained in a shock tube by a glow discharge or by a

CO laser.

 

A. Plasma Wind Tunnel Experiment

In this experiment, we study oblique shocks attached to a small wedge model placed in a steady state

cold plasma flow in a two-dimensional supersonic nozzle. The stable diffuse plasma is created either by

a high- pressure aerodynamically stabilized DC discharge sustained in the nozzle plenum or by a

transverse RF discharge sustained in the supersonic test section. Compared to the DC discharge , the

RF discharge creates a much higher ionization in the test section. In both cases, the gas temperature in

the test section, made of transparent acrylic plastic, is low (below room temperature). This is veri fied by

accurate flow temperature measurements using infrared emission spectroscopy. The whole supersonic

flow in the test section, including shocks, boundary layers, wakes, and expansion waves, is visualized

by the plasma (see the photographs). This makes shock angle measurements quite straightforward.

 

Photograph of the M=2 plasma wind tunnel

 

The experiments show that the shock angle in the RF discharge plasma increases. This corresponds to

the flow Mach number reduction, i.e. shock weakening. However, the shock weakening occurs very

slowly, within a few seconds after the discharge is turned on. Also, the shock angle increase (i.e. the

apparent Mach number reduction) turns out to be consistent with the flow temperature increase in the

RF discharge. All this suggests that the shock weakens simply because the flow is heated by the RF

discharge.

Shock weakening by the RF plasma in a M=2 N -He flow. The larger angle shock (117°) corresponds

to the "RF on" frame, and the smaller angle shock (105°) corresponds to the "RF off " frame.

 

The flow is primarily heated in the boundary layers near the RF discharge electrodes. This effect has

been reduced by replacing the wedge model by a cone model and increasing the distance between

the nozzle walls at the same time, so that the entire model was placed in the supersonic core flow. In

this case, no effect of the RF discharge plasma on the conical shock wave angle has been detected.

This results also suggests that the previously observed shock weakening was due to the heating of

the flow by plasmas.

 

B. Plasma Shock Tube Experiment

In this experiment, shock waves generated by a spark discharge are propagating into a nonequilibrium

diffuse glow discharge plasma sustained in a small-scale glass shock tube. Shock acceleration,

attenuation, and splitting are measured using a photoacoustic de flection (PAD) technique. Gas

temperature is measured by infrared emission spectroscopy. The results of these experiments are

compared with computer calculations, which simulate shock propagation through the plasma. The

model is based on two-dimensional compressible Navier-Stokes equations. The results suggest that

most of previously observed anomalous plasma shock effects can be explained by the effect of radial

and axial temperature gradients in the plasma. These temperature gradients produce distortion and

splitting of the shock front.

In an additional series of plasma shock tube experiments, the spark-generated shock is propagating

into a nonequilibrium optically pumped CO-Ar plasma sustained by a CO laser. Unlike the glow

discharge, in this type of plasma electron density can be varied and controlled independently of the

temperature distribution. This is done by adding trace amounts of oxygen or nitric oxide to the baseline

gas mixture, which reduces the electron removal rate in the plasma. The results suggest that the shock

wave weakening is independent of the electron density in the plasma. No separate non-thermal effect

of ionization on the shock strength and structure in nonequilibrium optically pumped plasmas is

detected.

Movie Clip: DC/RF Supersonic Plasma Flow

Movie Clip: RF Supersonic Plasma Flow
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Nitrogen plasma blue afterglow can be generated by electrical 

discharge –MHD can be used to modify the airflow around a vehicle 

(aero coefficient) and the EM signature (virtual vehicle). The modulation 

of the EM field can induce modulation of the light glow.

Bright radiation (Teheran case) from UAP

With EM jamming-neutralization of fighters' 

radio/missile firing equipment-jamming of civil traffic 

navigation devices in a sector

 
           

 

 

   

      

    

 

   

 

  

    

        

Figure 8 is a further zoom into three of the 11 showing identical waveforms 

 

Figure 8 

 

 

 

 

 

 

 

 

 

EME effect: close encounter with UAP (SCU Toronto case-

object surrounded by a blue glow with pulsation- smart 

phone and camera jammed submitted to EME with periodic 

signal (recorded in the camera)

Electrical discharge can create plasma

The modulation of the discharge can be detected



Examples of mechanisms to generate a plasma

Atmospheric re entry shockwave plasma: bolid (natural- compression shockwave) 

Generates plasma- can be used by EM RF trackers (like Fripon system)

Source of energy: 

kinetic effect, compressional heating of the air in the boundary layer around the nose of the 

spacecraft, rocket or meteoroid 

The compressional heating of the air slowing down in the boundary layer creates a plasma.

The recombination and deexcitation of the air plasma electrons release light in the IR, visible, UV and X-ray domain. 

This layer with free electrons can absorb EM radiation (radio blackout on reentry). 

Shockwave with plasma shock generator Hypervelocity glider vehicle with 

plasma boundary layer



Plasma: interaction with EM waves (radars, optics) versus 

frequency

radars OpticsRadio

Absorption

Transmission

Plasma acts as a high passband filter depending on the electrons density and the  EM wave frequency 

versus plasma cut off frequency  wp (here example WP = 20 GHz)

Explains the various effects of plasma on EM waves ( reentry radio black out- radar RCS absorption/refraction / 

transmission on hypersonic vehicles or artificial plasma)



SIGMA2: a collaborative and multi disciplinary 
approach to study UAP

• Aknowledgments

• Introduction to 3AF SIGMA2 : from “MOC to UAP” and GEIPAN, SIGMA2

• International situation

• What is UAP physical observables approach by SIGMA2

• Optical and EM observables: plasma multi phenomena, multi frequency observation



UAP optical observation approach : WFOV &  NFOV observations

NFOV camera and analysis sensors

Ground based airborne

Need initial pointing 

W FOV visible camera

+ RF bistatic : Fripon like (doppler measurement if RCS or ionized wake allows it) 

Object optical and RF 3D tracking

- Range, velocity, acceleration estimates

- Unsensitive to acceleration/ manoeuvres

- Doppler RF measurement (if reflective)

- Low resolution: numbers of objects, no 

high resolution 

Spectral analysis (optical

RF ELINT)

High resolution imaging

Radar accurate tracking

Object observables characterization 

- Shape, size

- Spectrum (RF, optical) self emission, albedo

Pointing of sensors to the object

Farfadet Network (SPRITES LTE ) 

multisensory 

http://ceres.geol.u-psud.fr/fripon/IMG/jpg/fripon-pic.jpg


Other communication references

Participation to TV Show on ANEWS Web TV: “Dossiers OVNIS since 2021

• https://www.anews-securite.fr/emission/emissions/dossier-ovni/

• 03 11 Dossier Ovnis 1.jpg

• SIGMA2 Webinar1 on UAP Optical observables (14 June 2023)

• https://www.3af.fr/global/gene/link.php?doc_link=/media/event/2023164317_announcement-3af-sigma2-webinar-1-on-uap-june-2023.pdf

• https://www.3af.fr/agenda/3af-sigma2-webinar-1-on-uap-optical-observables-2270

• SIGMA2 participation to SCU Webinar on UAP studies (30 July 2023)

• https://www.youtube.com/watch?v=_G81h4KEz2M

• Echo Event on UAP : La Sorbonne (4 and 5 Nov 2023)

March 2022: UAP are real: physical observables

A. Juillet-D. Filhol-R. Powell (SCU)- F. Milburn (UK) –L. Dini

Nov 2023: Round table  on UAP US and international

environment

A.Juillet-M. Chris Mellon (former dep assistant SecDef)

Dr J. Vallee- IGA Bescond- L. Dini- B. Friscourt

Jan 23: expérience de pilotes sur les PAN

A Juillet-GBA B. Mignot –IGA P. Bescond- JC Bourret L. Dini

https://www.3af.fr/groupe/sigma2-phenomenes-aerospatiaux-non-identifies-43/page/actualites
https://www.anews-securite.fr/emission/emissions/dossier-ovni/
https://www.3af.fr/global/gene/link.php?doc_link=/media/event/2023164317_announcement-3af-sigma2-webinar-1-on-uap-june-2023.pdf
https://www.3af.fr/agenda/3af-sigma2-webinar-1-on-uap-optical-observables-2270
https://www.youtube.com/watch?v=_G81h4KEz2M
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Some SIGMA2 links and reference

• 3AF SIGMA2 website events

• https://www.3af.fr/groupe/sigma2-phenomenes-aerospatiaux-non-identifies-43/page/actualites

• https://www.3af.fr/fr/agenda/3af-sigma2-webinar-2-approach-to-uap-physical-observables-2324

• SIGMA2 analysis of ODNI preliminary assessment on UAP (2021)

• ODNI report 2021: https://www.3af.fr/global/gene/link.php?doc_id=4558&fg=1

• ODNI report 2022:

• https://www.explorescu.org/post/sigma2-analysis-of-odni-2022-annual-reporton-unidentified-aerial-

phenomena

• SIGMA2 2021 summary progress report:

• https://www.3af.fr/news/sigma2-work-progress-summary-2021-2178

• https://www.3af.fr/global/gene/link.php?doc_id=4375&fg=1

• SIGMA2 Progress report 2021 complete:

• https://www.3af.fr/agenda/download-the-sigma2-progress-report-2149

https://www.3af.fr/groupe/sigma2-phenomenes-aerospatiaux-non-identifies-43/page/actualites
https://www.3af.fr/global/gene/link.php?doc_id=4558&fg=1
https://www.explorescu.org/post/sigma2-analysis-of-odni-2022-annual-reporton-unidentified-aerial-phenomena
https://www.3af.fr/global/gene/link.php?doc_id=4375&fg=1
https://www.3af.fr/global/gene/link.php?doc_id=4375&fg=1
https://www.3af.fr/agenda/download-the-sigma2-progress-report-2149

