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Explained the 2005 Draconids event; Showed that Phaethon can be of cometary origin; Determine the meteoritic environment of comet 9P/Tempel 1 and the consequences for the Deep Impact spacecraft •Prediction of a meteor shower at Mars caused by comet P/2001R1 and coordination of meteor observations by the Martian rover "Spirit" SETI Institute, Mountain View, (CA, USA) Researcher (invited)

Aug.-Dec.

Project: 2011 Draconids international airborne observation campaign 2010 -2013 • Purpose: observe the Oct 8th 2011 Draconids exceptional meteor shower from 2 scientific aircrafts (CNRS and DLR) with many cameras (visible/IR, images/spectra, video/photo, B&W/color) (INSU SO6) • Role: PI of the whole project (2 airplanes, 6 scientists, 20 cameras) ; PI of the French aircraft campaign (SAFIRE/CNRS -Falcon 20) ; onboard observation ; funds raised: 48k€ (consolidated cost: 84k€ ; CSAA) + 10k€ (PNP) • Impact: Get scientific record of a unique event from 2 different aircrafts.

• Results: Successful prediction and observation of the outburst ; first double aircraft measurement of meteoroid orbit ; 2 workshops (2012,2013) ; 2 special session at international conferences (IMC2012 and EPSC2012) ; Dedicated volume in EM&P ; 2 documentaries performed for public outreach purposes, by CNRS (J. Mouette) and NHK (Japanese TV).

Project: CAmera for BEtter Resolution NETwork (CABERNET): the French meteor observation network. 2010-present • Purpose: measure most accurate meteoroid orbit to reconcile theory and observations (INSU SO6)

• Role: PI of the whole project (project, people and money management) ; 3 to 7 people at a time involved in the project (300k€ for 3 years + 100k€ dedicated to hire postdocs only ; main sponsor: "Ville de Paris" -"Emergence" programand Paris Observatory). • Impact: Demonstrate the flaw in published meteoroid orbits ; propose a new way to do it.

• Results: Developed the first high resolution meteor dedicated camera based on 4kx2.7k CCD with an electronic shutter allowing to measure the most accurate orbits ; network continuously operating since 2012.

Project: PODET-MET: the first official meteoroid streams and meteor showers ephemeris server in the world.

• Purpose: provide the international community with an expertise of meteoroid streams in the whole Solar system, the associated meteor shower on every planet and provide the ephemeris of all meteor showers (INSU SO1) • Role: PI of the project (1 to 3 people) • Impact: coordinate ground based and airborne based observation of meteor showers on Earth and on other planets, protect the artificial satellites • Results: Forecasting of more than 50 meteor showers on all the planets of the Solar System ; public access to the data.

CALIFORNIA INSTITUTE OF TECHNOLOGY (USA) Postdoctoral Scholar (invited)

May 2006 -Dec 2008 Project: Study of cometary trails as observed by the Spitzer Space Telescope, in collaboration with B. Reach •Purpose: To develop a model of meteoroid stream at their very sources (the comets), and to understand the structure of cometary nuclei and their relation with other objects of the Solar System •Impact: Constraining the population of large (mm-size) cometary particles undetectable by all other observations; showed that it may reflect the efficiency of planetesimal growth process •Results: Unveil the dust and fragments from broken comet 73P and modeling the dust IR emission ; Responsible for the creation of artificial images reproducing the observations; Managed the dynamical study of the fragments and determination of their origin

CALIFORNIA INSTITUTE OF TECHNOLOGY (USA) -SETI INSTITUTE (USA) Embarked wide field imaging specialist

2004 -2009 Project: Observation from a NASA airplane (DC8 or Gulfstream) of the Genesis (NASA) and ATV (ESA) spacecraft reentry, and of the Aurigids and Quandrantids meteor showers • Purpose: Get wide field images of the spacecraft atmospheric reentry or of the meteor shower (predicted by mysef) • Impact: successfully predicted the meteor shower events; observed the events; get the 1 st published images of the ATV (ESA) also used to derive the temperature of the debris; obtained the activity curve of the activity of the meteor shower; several Astronomy Picture of the Day for NASA •Responsible for: the forecasting of the 2007 Aurigids and 2008 Quadrantids events from which these 2 missions depended on; observation acquisition of the showers and spacecrafts reentry.

THE UNIVERSITY OF WESTERN ONTARIO, London (ON, Canada) Postdoctoral Scholar (invited)

Jan.-Dec. 2005 Project: The meteor showers at Earth and Mars, in collaboration with P. Brown 2001-2002 •PUBLIC OUTREACH: Participation to many activities of popularization of science (articles in public papers, radio and TV interviews, conferences for the public and high schools students, organization of a star parties, guide of Paris Observatory, invited researcher at "café des sciences" etc.), 2 documentaries on the 2011 Draconids event ( Research is not a lonely activity nowadays. This document is the result of several years of work, conducted with great and diverse people. I first thank the referees of this HDR for taking the time to read it and travel to Paris Observatory. Scientifically, the researcher who brought me the most is definitely Peter Jenniskens: although we worked together for only 6 months (back in 2004), he brought me considerable insight regarding how research is conducted today. Peter Brown, Paul Wiegert and Margaret Campbell-Brown (UWO, Canada, eh!) made me dream of having multiple instruments to observe the meteors, and are great and inspiring team leaders, whose example I am trying to follow. Bill Reach (CalTech) introduced me to astronomical observation exploitation. Pavel Koten (Ondrejov observatory) is always enthusiastic to conduct new experiments, including airborne campaign in 2011. We are still working actively together today, along with David Capek. Jiri Borovicka knows almost each and every aspect of the meteor science (except fro dynamics, as he told me), and is a model of humility. David Asher (Armagh Observatory) is among the first to produce correct prediction of meteor showers, and is also a model of human tact and contact. Apostolos Christou (Armagh Observatory) enthusiasm and humour is contagious and brings us to work together on regular basis. Junichi Watanabe, Mikiya Sato, Masateru Ishiguro are all incredible people, with a fascinating culture.

Of course an army of great local people without whom none of the project described her would have been possible (order is not specific!): Nicolas Rambaux, Valéry Lainey, Kevin Baillie, Josselin Desmard, Benoit Carry, Francois Colas, Lucie Maquet, Mirel Birlan, Florent Deleflie, Brigitte Zanda, Chiara Marmo, Mathieu Puech, Nawelle Megri, Laurent Jorda, Julien Gaudemard and many others.

All the people hired for specific project (order is more or less chronological): Prakash Atreya, Regina Rudawska, Auriane Egal, Meryem Guennoun, Min-Kyung Kwon, Thierry Silbermann, Danica Zilkova, Chloé Colomer, Diane Bérard, Theresa Ott, Esther Drolshagen, Maxime Paillassa, Maxime Mougeot, Eléonore Saquet, Bérénice Re↵et, Gabriel Rivault, Gauthier Legras and many others.

Special external people involved in projects and management: Antoine Caillou, Philippe Deverchere, Jean-Louis Rault, Lionel Birée, Arnaud Leroy, Frederic Defoy, Arielle Santé, Julien Goursat and many more.

Special thanks to the IMCCE sta↵ involved in the "administration": Rachida Amhidez, Nevada Mendes, Amelie Muslevski, Lusiné Amirkhanian.

Last but not least, thanks to the referee and members of the jury. I am NOT thankful to: Murphy and Windows OS, who both caused me lots of troubles...

Introduction

Meteoroids are the pieces that formed the bodies of the Solar system, around 4.5 billion years ago. From sub-micron grains to a few decametres they are also the witnesses of today collisions and comet outgassing processes. Their relative short lifetime expectancy limits the time during which they can be studied. Fortunately, the Earth encounters many meteoroid streams today, providing us with an insight of their dynamical and chemical origin. In addition, sporadic meteors allows us to pinpoint the lifetime expectancy of streams in general as well as meteoroids themselves.

When I started my PhD, back in year 2000, [START_REF] Wu | Leonid meteor storms[END_REF], as well as McNaught and Asher (1999) had published the first correct prediction of a Leonid meteor storm. This was the very beginning of an era when meteor showers would no longer be a complete surprise at each and every of their appearance. Fifteen year down the road, although many predictions did work extremely well, we are still surprised by meteor showers.

During the Leonid MAC workshop (Mountain View, USA, Aug. 2003), when observers showed their measurement of the Leonid meteors, I almost raised my hand to point that there was a big flaw with the measurements. Indeed, the spread of semi-major axis was way too high to be dynamically plausible. However, being a young researcher, and most of all, having a very short experience with meteor observation, I decided not to say anything. Gladly so. I also promised myself that, if possible, I would build a network of cameras able to accurately measure the velocity of meteors. This idea became the "CABERNET" project, almost 10 years later, and it paved the way for the today FRIPON project.

French research does not exist, in the sense that research is done at an international level, with collaborations with people around the globe and this translates into publications written in English in the international scientific papers. The meteor science gathers a rather small scientific community (compare to the field of asteroids or comets for example). The danger in such case is isolation from the rest of the community: for example the poor usage of tools otherwise extensively used in the astrophysics community. Such tools deal with: de-biasing, calibration, often accompanied with extensive numerical simulations. Two of my PhD candidates have successfully applied such method to demonstrate the lack of meteoroid orbit accuracy in most of today measures [START_REF] Egal | The challenge associated with the robust computation of meteor velocities from video and photographic records[END_REF] as well as the need for strong statistical study to establish the parenthood between a shower and an asteroid [START_REF] Guennoun | A robust method to identify meteor showers new parent bodies from the SonotaCo and EDMOND meteoroid orbit databases[END_REF]. As a consequence, more bridges must be created between the meteor community and the rest of the world, being both for data acquisition, reduction and validation. Otherwise the risk is to use outdated methods at best, or to miss the big picture.

Section 2 deals with "the need for speed", i.e. the dynamics of meteoroids and emphasizing the determination of the meteor velocity. Included is a section on the methods needed to be developed or used in a more systematic way in meteor sciences. Section 3 present di↵erent observation projects.

2 The need for speed: Towards a reconciliation between observations and theory.

To quote Aristotle: let us save the phenomena.

The great Leonids years.

A few months after I started my PhD, a researcher asks me what was the topic of my research, and I obviously mentioned the prediction of the Leonids meteor showers. He literally said: "it never works!". Instead of not replying (as in 2001), today I would say: "that's exactly what research is: when it does not work, it means something is to be found!". One of the biggest failure in the history of astronomy happened in 1899, when the Leonids did not appear as expected [START_REF] Kronk | Meteor showers. A descriptive catalog[END_REF]. It happened again in 1998, at a time when computers allowed us to perform accurate computations of the trajectory of comets. Because these later predictions were 16 hours early, some people reported saw the Leonids the night before the predicted peak, and went to bed with high expectation for the following night [START_REF] Hainaut | Early recovery of Comet 55P/Tempel-Tuttle[END_REF]. And they all experience high disappointments.

However, in the late 90s, researchers started to realise that the orbit of a comet might not be exactly the same as the one of a meteoroid. [START_REF] Wu | Leonid meteor storms[END_REF] as well as McNaught and Asher (1999) pointed out such di↵erence, and the 2000 Leonids were correctly predicted, before the timing of the shower outburst. There were still some room to link the photometry of the parent comet and the level of the shower, which was the topic of my PhD, with the help of Laurent Jorda (LAM). The correct predictions of the 2002 Leonids was a huge relief and success, as well as a booster to perform the forecasting of almost all "easy cases" meteor showers for the coming 50 years. Many results are published in [START_REF] Jenniskens | Meteor Showers and their Parent Comets[END_REF].

During this time, the di↵erences between the measurements and the prediction of meteoroid orbits during an observed and predicted meteor shower on Earth appeared (to me) too large to be real. An example of Draconids meteoroid stream semi-major axis spread from observations is provided in Fig 2 . During the Leonid MAC workshop 2003, some scientists were presenting measurements of Leonids semi-major axis, that seemed extremely small. The authors were trying to find a physical process to change the size of the orbit, without changing any other orbital elements, invoking some kind of collisions (energy loss). There are indeed mechanisms able to decrease the semi-major axis of an orbit. However, it takes a fair amount of time (a few hundreds or thousands of years Wiegert et al., 2009). Meanwhile, the other orbital elements also change, because of the precession, close encounters etc. As a consequence, it seemed unlikely that a Leonid meteoroid would end up on such an small orbit, in such a small amount of time (a few hundred years). I suspected that there was probably a problem with the measurements of the semi-major axis, but without any experience of the matter it was better to play it down. This is when the idea of what would become the CABERNET project came to my mind (see also sec. 3.1).

Meteoroid velocity

Considering a typical semi major-axis of a Leonid meteor of a few hundred million kilometres, and sampled over a few dozen kilometres at best it is no surprise that the measured semi major-axis uncertainty is high. In the case of the Leonid, this e↵ect is exemplified because the measurement happens close to perihelion: a small change in velocity translates into a large change in semi-major axis.

This naturally led to the idea to build the most accurate camera dedicated to meteor observation, in order:

1. to measure the most accurate orbits (ever possibly), and 2. to show that there was a huge problem either with the measurements of semimajor axis, or from the theory itself.

This was the birth of the "CABERNET" project (CAmera for BEtter Resolution NETwork). I decided to take a few years to build the whole project, acquire enough data, and then hire a PhD candidates that will process the data, and publish the first measurements of the most accurate meteor orbits ever published so far. The good news is that, in 2016, [START_REF] Egal | The challenge associated with the robust computation of meteor velocities from video and photographic records[END_REF] demonstrated the limits of the methods used so far to measure the semi-major axis of meteor orbits. While conducting her thesis, Auriane also realized how little details authors are providing about the method they use. Another surprise was that even a simple coordinate transformation (geographic to Earth-Centered Intertial) was performed with di↵erent methods depending on authors, and, naturally led to rather di↵erent results in terms of semi-major axis. The main result was that many published semi-major axis uncertainties happen to be way more optimistic than the method allows to be. In other words: most semi-major axis are not as accurate nor as precise as published.

Denis Vida (U.W.O) performed the logical following step that we did not have time to perform ourselves: he considered all known methods to compute the meteor velocity, and compared all of them step by step, pinpointing the strengths and weaknesses (Vida et al., 2020b,a). He developed a Monte Carlo approach [START_REF] Vida | Modelling the measurement accuracy of pre-atmosphere velocities of meteoroids[END_REF]) that performs similarly to [START_REF] Egal | The challenge associated with the robust computation of meteor velocities from video and photographic records[END_REF]. It took him and Pete Gural more than 3 years to perform this work, underlying the great di culty to compute the velocity of a meteor. It took at least two years for the scientific community to realise the implication: mainly that most of today orbits are far less accurate than claimed in the articles. In practice, it happened at the IMC2017 (Peznikov, Slovakia) when P. Spurny (Ondrejov Obs, Czech Republic) and M. Ha-jdukova (Comenius U., Sovakia) publicly and independently from us, announced that the published orbits were not correct, or at least not as accurate as claimed. This was, I believe, a direct consequence of two years of publications (paper and conferences) claiming the flaw in the determination of meteoroid velocity. I dreamt of this back in 2003, and Auriane did it 15 year later. This is actually the perfect scenario for a PhD candidate: the goal is set, and (s)he becomes internationally known for the method and the result, and the whole community is aware of the need for such a new method.

The Velocity accuracy dynamicist dream of.

What accuracy is actually needed for the measurement of the velocity? In the past, people tried to measure the ejection velocity a meteoroids from a comet, from the spread of velocities measured during a meteor shower. Further work [START_REF] Ryabova | Modeling of meteoroid streams: The velocity of ejection of meteoroids from comets (a review)[END_REF] has demonstrated that this is unfortunately hopeless, for two reasons. Firstly because the ejection velocity is a few 10 m/s, whereas the orbital velocity is a few dozen km.s 1 . So the needed relative accuracy is about one hundredths to one thousands. Practice has shown it to be almost impossible with today techniques and computation methods (even using the methods developed by [START_REF] Egal | The challenge associated with the robust computation of meteor velocities from video and photographic records[END_REF][START_REF] Vida | Estimating trajectories of meteors: an observational Monte Carlo approach -I[END_REF]. Second, the gravitational perturbations of the planets are changing the velocity of the particles. As a consequence, it is extremely hard to recover the memory of the ejection velocity when measured many revolutions after their ejections. This is even true for simulated particles (Rudawska et al., 2012).

Ideally, one would also like to outline the presence of resonances in meteoroid streams, from meteor observations, rather than only theoretical considerations. Here again, the needed accuracy is about one hundredth of an astronomical unit. This is way beyond the measurable uncertainties of meteor velocity (with optical means only). Is the quest for the measurement of meteoroids trapped in resonance hopeless? Theoretical considerations can show that a meteor shower can only happen when particles are trapped in a specific resonance. So in a sense, this has already been done in the past (Taurids [START_REF] Spurný | Discovery of a new branch of the Taurid meteoroid stream as a real source of potentially hazardous bodies[END_REF][START_REF] Asher | Asteroids in the Taurid Complex[END_REF]. The progress of techniques might make it possible in the near the future. The FRIPON project is interested in combining radio (Doppler) and optical observations, in order to make the most of the two techniques. The problem is that few meteors are detected both in optics and radio. However the idea is elegant and worth further investigations. Similarly, in situ observations such as Rosetta has directly measured the ejection velocity of meteoroids in the vicinity of a comet nucleus, showing that it is much less than expected, and of a few meters per second [START_REF] Ott | Dust mass distribution around comet 67P/Churyumov-Gerasimenko determined via parallax measurements using Rosetta's OSIRIS cameras[END_REF]. So, by tackling the problem with completely di↵erent techniques and approaches, we are making progress as well.

The dynamics of meteoroid streams.

There are two main goals for dynamical considerations of meteoroid streams in the solar system. The first is extremely practical: to predict the meteor showers and outbursts at Earth. The applications range from purely scientific considerations (to plan and optimise observation campaigns, to make sure that every outburst is exhaustively observed, recorded and published, to fully characterize every shower and every outbursts and compare them with other showers and so on), to extremely practical ones (the protection of artificial satellites, the explanation of past space probe failure (Dev, 1992), the awareness for the public of a fantastic astronomy show). The second goal is to acquire a broader picture of the Solar System, to determine the origin, age, lifetime expectancy of meteoroid in the solar system, as well as meteoroid streams structures, how they evolve, how they end up in our atmosphere, what is their fate. Ultimately, since meteorites carry organic molecules (including amino acids), what role have meteoroids played in the apparition of life on Earth about 4 billion years ago. These are all extremely broad questions common to the filed of planetary science.

My input (thanks to the help of L. Jorda) was to link photometry observations of comets, with the predicted amount of meteoroids that would fall on the earth. In the following years, and in collaboration with of Peter Jenniskens, the method was applied to all the "easy" cases: the predictions of meteor shower outbursts were performed for all known parent bodies, leading to a important contribution to [START_REF] Jenniskens | Meteor Showers and their Parent Comets[END_REF]. Since then, all the harder cases need are being addressed.

The IAU maintains a list of more than 1200 meteor showers, among which more than 400 are confirmed. In other words, we understand the top of the iceberg only! The hunt for new meteor shower parent body is taking a new interest nowadays, considering the huge databases of meteor orbits provided by the several years of systematic observations performed by di↵erent networks. The possibility to average the data over several years allows us to outline the existence of showers that would otherwise be completely unnoticed [START_REF] Andreić | Ten possible new showers from the Croatian Meteor Network and Sono-taCo datasets[END_REF]Segon et al., 2017).

However, this also leads to contradictions. With nearly half a million meteor orbits (all publicly available databases: EDMOND, SonotaCo, CAMS Kornoš et al., 014a; [START_REF] Jenniskens | CAMS: Cameras for Allsky Meteor Surveillance to establish minor meteor showers[END_REF][START_REF] Sonotaco | A meteor shower catalog based on video observations in 2007-2008[END_REF][START_REF] Sonotaco | Observation error propagation on video meteor orbit determination[END_REF], the probability to find a bunch of "similar" orbits is high. It all comes down to the similarity criterion and a robust statistical analysis. Similarity criteria have been defined since the 60s [START_REF] Southworth | Statistics of meteor streams[END_REF][START_REF] Drummond | A test of comet and meteor shower associations[END_REF], but none is actually working perfectly [START_REF] Moorhead | Meteor shower activity profiles and the use of orbital dissimilarity (D) criteria. WGN[END_REF]. There is therefore room for the definition of a satisfying method to define a meteor shower. Robust statistical analysis are unfortunately seldom performed in meteor science. A collaboration between my former PhD stu-dent, Pavel Kotena and David Capeck (Ondrejov obs), we have showed that when it is used, most suspected meteor shower association are mere artifact due to high number of orbits and NEOs [START_REF] Guennoun | A robust method to identify meteor showers new parent bodies from the SonotaCo and EDMOND meteoroid orbit databases[END_REF]. The consequence is that:

• many (most?) meteor showers might not exist: this must be proven with a thorough method.

• the association between an established shower and a parent body might as well be apparent only, and should be demonstrated with a rigorous method in the future.

• if all suspected showers are real, we need a scenario to explain how so many stream do exist toady in the Earth environment, given their relative short lifetime expectancy.

These are a few ideas for future PhD studies.

Recent techniques to prove the parenthood relationship is not only to find similar orbits between a stream and an asteroid or comet, but also to perform (past)predictions of shower outburst. This is waht we did in Segon et al. (2017). However, the time duration during which the association is searched for can only be short, given the duration a given meteoroid stream stays in the Earth vicinity (Abedin et al., 2015,2017).

Encouraging results are obtained for recurrent meteor shower outburst. If reasonable hypothesis regarding the orbital period of a lost parent bodies can be drawn, shower outburst can be predicted, successfully observed and therefore the knowledge of a given shower greatly increased. This was the case e.g. of the Aurigids (Jenniskens and Vaubaillon, 2008) and recently the alpha-Monocerotids [START_REF] Jenniskens | Alpha Monocerotids 2019[END_REF]. This mainly deals with Halley-type or Long Period orbit streams.

Even a robust and convincing demonstration of the existence of a shower might not be enough to derive its origin: some comets and even asteroids no longer exists because of a disruption event (outgasing, braking, collision Ishiguro et al., 2011Ishiguro et al., , 2016)). Following [START_REF] Valsecchi | Meteoroid stream identification: a new approach -I[END_REF] the best we might achieve is to put constrains on the age and plausible parent bodies. For this, a global picture of the middle to long term dynamics is needed (over up to half a million years typically, for long period streams). In particular the quantification of chaos might be one tool (however might not be enough, or hard to interpret, A. Egal, personnel communication). All in all, the study of long term dynamics of meteoroid stream must be examined thoroughly at some point. Preliminary study should focus on the following questions: How long back in time can we trace back the parent body ? How long in the past does it make sense to search for the origin of a meteoroid stream, given the chaos in a specific orbital space? A. Egal (my former PhD student) and L. Maquet have developed a tool to determine when the integration of the parent body back in time ceases to make sense (for meteor shower predictions at least). Di culties arise when one realizes that, even for perfectly known orbits (generated by numerical simulations), it is impossible to go back to the initial time and location of the ejection of the meteoroid (Rudawska et al., 2012). Although greater accuracy orbital measurements are required, dynamics sets the limits of how far back in time we might look for the origin of meteoroids.

The need for bridges.

A question of flux A question that I keep receiving from di↵erent scientific communities is: "how many meteoroids fall on such place during such period of time?". Space agencies want to protect the artificial satellites in case of meteor shower outburst. Insight space mission scientists want to know how many small asteroid will hit planet Mars during the space mission operation. The scientific community interested in micro-meteorites trapped in the ice of the southern pole want to know what is the amount of sporadic meteoroids reaching our planet, versus the number falling during a major meteor shower outbursts such as the Leonids [START_REF] Duprat | An Estimation of the Contemporary Micrometeorite Flux Obtained from Surface Snow Samples Collected in Central Antarctica[END_REF][START_REF] Duprat | Micrometeorites from Central Antarctic snow: The CONCORDIA collection[END_REF]. The natural satellite scientific community want to know what is the contribution of deposition of organic molecules by comets on their surface. Lunar impact flashes scientific community want to have an estimate of the number of events to be observed during the year. Generally speaking, remembering that all the ages of the solar system bodies are computed are computed from crater counting, and calibrated things to the moon missions sample return, the determination of fluxes as well as its variation in the past is a primordial interest.

To compute the total amount of meteoroids falling on our planet on average per year took my colleagues and myself more than a year to compute, and the use of more than hundred thousand CPU hours at a supercomputer (Wiegert et al., 2009), and still, this study benefited from years and terabytes of radar observation provided by the Canadian team. A few years later, David Nesvorny took into account observations of the zodiacal light from infrared space base Observatory in order to perform a similar work. In order to answer the InSIGHT team, I was inspired by what is currently being performed for near Earth objects and adapted the Neslusan et al. (1998) code for this planet. Lunar impact flashes can presumably be predicted directly from the earth backgrounds impact rates. The identification of observed impact with a given meteor shower is possible but su↵ers from lack of 3D measurement of the velocity [START_REF] Avdellidou | Temperatures of lunar impact flashes: mass and size distribution of small impactors hitting the Moon[END_REF]. The determination of major impact cratering rates implies to examine the evolution of near Earth object over a time span of 1 million years typically. It is not enough to compute the evolution of several thousand meteoroids over a few thousand years to derive the fluxes at a specific point of the solar system. A study of the meteoroid environment in the whole solar system also took us years to develop, even with the use of parallelized computers [START_REF] Soja | IMEM2: a meteoroid environment model for the inner solar system[END_REF]. In other words, a serious study of such a kind needs inputs resulting from decades of observations and e↵orts. Needless to say that such an enterprise is never finished! Although we have an idea of the earth environments in meteoroids as well as the flux of near Earth object as a function of their size since [START_REF] Grün | Collisional balance of the meteoritic complex[END_REF], new observations as well as new models allow us to constantly revise such numbers [START_REF] Soja | Collisional lifetimes of meteoroids[END_REF][START_REF] Ott | Combination of infrasound signals and complementary data for the analysis of bright fireballs[END_REF].

The need for high numbers The need for a high number of meteor detection and orbit measurements is obvious when one realizes that a meteor shower might be so weak it might be unnoticed by people observed during one of two years only. With a ZHR less than five (that is, comparable to the sporadic background), it is extremely hard to notice the presence of a meteor shower if observed only once. Now, if several hundred cameras observed the same event, and orbits are measured, then the shower can be recognized from the background. To accumulate data over several years, is another way to highlight the presence of the meteor shower from the background [START_REF] Jenniskens | CAMS: Cameras for Allsky Meteor Surveillance to establish minor meteor showers[END_REF]Segon et al., 2017). Alternatively, one can simply gather observations performed all around the globe, and put them all in one gigantic database (e.g. EDMOND Kornoš et al., 014a). The presence of such huge number of orbits and observations in general, allows one to start new fields of research. We have started to look for a coincidence of several meteors, in order to quantify the frequency a given meteoroid self fragments in space. Such a natural destruction was suspected for many years but it was not until the observation performed by the Czech team that the definite proof was brought [START_REF] Koten | September epsilon Perseid cluster as a result of orbital fragmentation[END_REF]. This has huge consequences in terms of the very structure of meteoroids and the lifetime expectancy of a given stream, as well as for the prediction of future meteor showers on planets [START_REF] Soja | Collisional lifetimes of meteoroids[END_REF][START_REF] Soja | IMEM2: a meteoroid environment model for the inner solar system[END_REF].

Is meteor science isolated?

To some extent, it might be easy for meteor researchers to be stuck in their own domain. One way this can be measured is the following:

• very few meteor science papers are uploaded on http://arxiv.org. However, this is a usual habit in astrophysics today.

• the computation of the trajectory and the velocity, performed by many groups in the world, was first tested against simulated data by Pete Gural in 2012, and followed by Auriane Egal in 2016. However, such method is been widely used in astrophysics for many years now.

• The objects, instruments and methods used by many meteor scientist are in a sense, way di↵erent from the ones used in other fields of astronomy. As a consequence, it might be hard to communicate with other fields of planetary astronomy.

• Some tools used in the meteor science reinvent the wheel in sometimes less performing ways: SExtractor and SCAMP for source extraction and astrometry. Granted, SCAMP was never intended to work with allsky field of view...

The OPENMET project I observe that too often when a team starts to work in meteor science, they have to reinvent the wheel. For example: to write an acquisition software, a pipeline, a method to debias the data, to write a code that computes the trajectory of meteoroids in the Solar System etc. The value of doing things yourself is that you grasp all the subtleties, di culties and limits of the tools you are using. The drawback is that it takes years to develop, and no one is at the mercy of making a subtle mistake that changes the results compare to another code (all methods being the same). For example: the conversion of to ECE to ECI might lead to di↵erent results from one code to another, leading to di↵erent semi-major axis of a meteoroid [START_REF] Ceplecha | Geometric, Dynamic, Orbital and Photometric Data on Meteoroids From Photographic Fireball Networks[END_REF][START_REF] Egal | The challenge associated with the robust computation of meteor velocities from video and photographic records[END_REF][START_REF] Vida | Estimating trajectories of meteors: an observational Monte Carlo approach -I[END_REF]. When looking for resonances, this has big consequences (see sec 2.3). The problem is that, too often, the method is either not described in the paper, or the code is not accessible, preventing any comparison, thus raising doubts regarding the uncertainty (and accuracy) of a published result.

The OPENMET project has the following goal:

• accelerate the development of meteor science codes so that researchers can focus on the science, not the beguging process (how many scientists have reinvented the wheel but are unable to compare their results with another method?)

• explicitly present the method and assumptions of the chosen method, so that everyone knows what is considered (example: Solar System dynamical model: number of planets and non-gravitational forces ; method to compute the orbital velocity)

The today way to achieve this is to write codes that obey international standards in terms of documentation, and make them publicly available. I observe that, generally speaking, the young generation is more keen to do so than the older one. In other words, the goal of the OPENMET project might not be of interest for everyone. Nevertheless, in absence of world coordination (doomed to stay at the utopia level), this page is a summary of all meteor science codes I am aware of: www.imcce.frrechercheequipespegasemeteorsc.

One can see that the codes I have developed are not (yet) publicly available. One reason is that until the code is ready, it is rather hazardous to make it publicly available (since the web is highly Darwinian). Another reason is e.g. the multiplicity of language (IDL, python, F90) that makes the code not as easy to install, unless one has the skills to create packages (which is not my case, but IMCCE engineers might help of course).

Observation of meteoroids in the Solar System

The observation of meteors has been widely expanded in the last decade thanks to the democratization of electronic devices as well as tools to process the data Co- 

CABERNET

Shortly after coming back to Paris Observatory, the "CAmera for Better Resolution NETwork" was started. The scientific goal was to demonstrate the existing flaw in the current measurement of meteoroid semi-major axis (at least as published in the literature) by 1) performing the most accurate measurements or meteoroid orbit and 2) developing a way to test the accuracy of the measurements. For this, we needed a high spatiotemporal resolution camera. The technical goal was to perform 10 times better than the average existing device. We chose a camera LHeritier full frame 11Mpix camera. Back in 2010, video frame rate with so many pixels did not exist. The manufacturer tuned the image acquisition and provided a way to perform "long" exposure (1 sec is long in meteor science) with an electronic shutter able to cut the signal at a frequency up to 200 Hz. With 40x27 deg 2 of field of view, if the astrometry reach 1/10 pixel, the space accuracy would be of 3.6 arcsec and the time accuracy of 200Hz at most. Compared to a usual all sky video camera the space resolution is 18 times higher and the time resolution is 3 times higher (fixed at 100 Hz). The only comparable device is the Canadian CAMO system [START_REF] Weryk | The Canadian Automated Meteor Observatory (CAMO): System overview[END_REF]. An example of a meteor recorded by the three CABERNET cameras is given in Fig 4.

What I did not know when I started the CABERNET project (from my own experience):

• instrumentation projects are far more complicated and time consuming than numerical integration projects • people management plays a huge and crucial role in such instrumentation project (see also the section that deals with management), and may lead to a feeling of mixed helplessness, loneliness and/or anger I would never have suspected

• instrumentation project, when they finally work, provide a huge sense of accomplishment, and the satisfaction of gathering your own data I would not have suspected either! And this, by far, outweighs negative feelings and make such project worth to conduct.

• pipeline development is a never-ending process (and ideally, should only be performed by trained and dedicated software engineers who know how to properly write software)

• unexpected items (including software and OS) will potentially (but temporarily, i.e. until you fix it) ruin the whole project. It might take months (up to 1 year in our case) to fix it.

• Windows OS should not exist... we are using it because, linux camera drivers did not exist for the LHeritier camera, back in 2010...

• compromise on the material to save money on the short run might cost much more in the long run

• the measurement of velocity is far more complicated than I expected, partly explaining why nobody really focused on this problem before

• the CAMO Canadian system was already providing very accurate orbits. However, the method to compute it as well as uncertainties was still to be refined.

The choice the of future installation station, the building of the camera box (performed by GEPI), the installation of the 3 cameras, and the following maintenance works were and are still today hard to achieve. The development of the pipeline seems to be a never ending process (Atreya et What I dreamt of (i.e. to demonstrate the flaw in the measurement of meteor semi-major axis) was performed by Auriane Egal during her PhD thesis. The CABERNET pipeline would take much longer to finish than expected, but nevertheless, she developed a way to simulate meteors (known as fakeors, from Barentsen et al., 2007, 2010), inspired by Pete Gural work [START_REF] Gural | A new method of meteor trajectory determination applied to multiple unsynchronized video cameras[END_REF]. She extended Guralś work to the computation of the velocity. The idea (very common in astrophysics, but less common in meteor science so far) was to create artificial data to be ingested in a meteor orbit determination software and quantify the accuracy of the di↵erent methods used in meteor science. The problem proved to be far more complex than expected. A simple coordinate conversion (ECE to ECI) proved to be a nightmare to compare, from one author to another. Auriane proved that even with the most accurate measurement, the very method used to compute the orbit would not allow one to get the accuracy one would claim to compute. She also developed her own method to decrease such a limit. The CABERNET project is still running today, and the pipeline is still under development, with recent addson, such as the measurement of artificial satellite position as a function of time, for Earth enviromnent dynamics applications.

The FRIPON project

The Fireball Recovery and Inter-Planetary Observation Network aims at locating meteorite fall location as well as their origin in the Solar System. For this, the whole team developed the largest and densest meteor camera network in Europe. Figure 6 shows the state of the network in early 2020.

It [START_REF] Devillepoix | Observation of metre-scale impactors by the Desert Fireball Network[END_REF]. FRIPON uniqueness resides in its combined density and covered area. As of early 2020, only 31 meteorites have been both recorded during their atmospheric flight and recovered for analysis 1 . I did participate to the development of the pipeline (several 1000 lines of python) and am still involved in the scientific discussions and coming data calibration and exploitation.

What I learned with the FRIPON project:

• pipeline development for such an ambitious project quickly becomes a nightmare, unless handled by professionals. Fortunately, the project benefited from such people.

• management is essential

• to find a meteorite is much harder than expected January 2020 marked the first meteorite fall recovery in Italy, showing the principle of finding the origin of meteorites is clearly feasible with the FRIPON means!

The Draconids 2011 (and other aircraft based endeavours)

Theoretical works allowed us to predict an exceptional Draconids outburst in 2011, observable from Europe (Vaubaillon et al., 2011). Such an opportunity would not Once again it proved to be much more complicated (and tiring) than expected. Nevertheless, the campaign was a success, and the following data reduction workshops allowed to transform the experience into scientific papers. What I learned was:

• preparation more than one year in advance is mandatory

• checklist are mandatory • French work regulations must be taken into account (e.g. we wanted to work a whole night on the ground for tests purpose, but we never got the clearance)

• such endeavour ends up being more expensive than expected

• help and enthusiasm from everyone involved in the campaign: jet sta↵ are delighted to participate to an astronomy project, astronomers are delighted to fly, journalists have great stories to tell

• the satisfaction to organize or participate to such airborne campaign are worth all the e↵orts!

The Draconids 2011 taught us that airborne double station meteor measurements are possible (Koten et al., 2015). It was followed by 2 workshops and involved more scientists than just those participating to the airborne observations. The first peak was observed, showing the meteor shower outburst help to determine the dynamics of a comet before its discovery (Vaubaillon et al., 2015). The level was lower by a factor of 2 compared to predictions. 

The MALBEC project

Is there any astronomer who never cursed the clouds or the Sun for interfering with his optical observations? The 2009 Leonids observation campaign (Jenniskens et al., 2009) was conducted in Nepal thanks to the participation of Prakash Atreya (postdoc working at the CABERNET project). We spent the whole night watching the sky between the clouds that the wind was moving above our heads. Robust conclusion were hard to draw because of lost observation time due to clouds. The most disappointing was that the clouds were only a few hundred meters above our heads. At that time, I thought that a stabilized nacelle below a Helium inflated balloon might have saved the day (and the night...). Two years later, Remi Caillou (SAFIRE, CNRS) told me during the 2011 Draconids campaign, that such a gondola was certainly feasible. This opened new ideas for meteor observations. Because of the day / night cycle only half of the meteor showers only are observable by optical means. Many intense meteor showers happen during the day (e.g. June Arietids, beta Taurids, September Sextantids). They have been studied by radio techniques mainly [START_REF] Lovell | Meteor astronomy[END_REF][START_REF] Sekanina | Statistical Model of Meteor Streams. IV. A Study of Radio Streams from the Synoptic Year[END_REF][START_REF] Brown | The Canadian Meteor Orbit Radar Meteor Stream Catalogue[END_REF]. However, radar observations are strongly biased towards slow and tiny meteoroids, so that even the famous Perseids and Leonids are hard to detect. As a consequence, the only known intense daylight meteor showers are the slow ones and it is hard to know if strong and fast daylight meteor showers do exist today. Moreover, even when such meteoroids are detected, their velocity vector has already been changed by the atmospheric drag by a non-negligible amount (up to 2 km.s 1 Abedin et al., 2017), making it complicated (if not impossible) to retrieve the exact origin of the initial body. [START_REF] Bruzzone | A decadal survey of the Daytime Arietid meteor shower using the Canadian Meteor Orbit Radar[END_REF] demonstrates one of the limits of the radar data: 10 years of observations and several millions of bad quality orbits were required to study the shape of the daytime Arietids stream. They published orbital data with 1 error bars because of the poor quality of the measurements 4 . The scientific goal of the MALBEC project is to fully and accurately characterize daytime meteor showers, representing 50% of interplanetary matter entering our atmosphere, and so far known only through radar observations providing very poor orbit solutions. Double station optical observations will be performed to determine the orbit, parent bodies, age, mass distribution, bulk density and the fragility of the meteoroids. In addition we aim to guarantee the successful observation of any meteor shower, regardless of the weather and the Moon, so often the cause of unsuccessful observation trips. In addition, we will develop a fast and easy way to observe natural and artificial meteors, that can be used for scientific and engineering aspects of space debris risk assessment.

In order to bypass the restriction of optical observations caused by daylight, we plan to put a double station cameras at high altitude (>20km) thanks to stratospheric balloons, where the sky is dark (in red wavelengths especially). In practice, we are currently building a stratospheric nacelle equipped with meteor observation camera, mounted on an automated attitude stabilized gondola able to fly in a coordinated constellation mode. CNES granted us with a few kestarting in 2017 to build a demonstrator. However, such a task proved to be much harder than expected (at this point of the document, no-one should be surprised of such statement...). The challenges we had to face dealt with:

• work with CNES (specification, deadlines, security aspects, etc.)

• fly and stabilize a light stratospheric nacelle (<3kg)

• recover stratospheric nacelle in trees and corn fields...

• deal with material not conform to manufacturer claim (here: onboard computer)

• deal with electromagnetic incompatibility Most of these challenges result in delayed operation, or unmatched technical goals. We have showed that:

• to fly above 15km of altitude decreases the sky brightness by a factor of 100, for unfiltered optical wavelength

• gondola stabilization and onboard meteor data recording is possible (for the whole duration of the flight)

• trajectory prediction is possible with an engineering model

• double station stratospheric observation is possible, under usual wind conditions

• provided the gondola is a glider, nearly any flight can be guaranteed thanks to the choice of the landing point.

Other application to the MALBEC nacelle include:

• 70th anniversary of the "Paris Match" journal, nO 3657, 19 June 2019

• Stellar occultation of natural Satellite : an exception 4 occultations event will happen on 2nd April 2021 (under study).

• possibly: high rate communication between stratospheric nacelle, or tropospheric drones

• coordinated stratospheric constellations (for e.g. atmospheric, weather or climate science)

The METEORIX project.

Carbon emission lines might be detected in meteors, under the conditions that a system can isolate them. A known line is at 248 nm. Because of the UV extinction by the atmosphere, an obvious way to detect C is to put a spectra-imager in space able to detect meteors. When Nicolas Rambaux (IMCCE) told me he wanted to start a student-Cube sat project and was in need for a scientific project, I immediately answered about the detection of C in meteors. This project became the Meteorix project, and has involved dozens of students, and still involve several labs (LIP6 in particular). Unfortunately, what is easily feasible from the ground is much harder from a 3U-cubesat! Very quickly, specialists told us about the impossibility to build a 3U spectro-imager. Today, the scientific goal is to observe 100 m-size object rentries within one year of operation. Note that the the "basic" meteor detection from the ground becomes a nightmare from space for 2 main reasons: 1) the computing power available on board a 3U is extremely limited (a few Watts at most), and 2) unlike from ground, the image background if full of moving light sources (cities, night glow, lightnings, Moonshine reflection on clouds etc.). The biggest challenge today for this project is to find the money to pass phase B. What the Meteorix project told me:

• if ground based instrumentation is complicated, it is nothing compared to space

• scientist versus engineer point of view (still learning...)

Other meteor observation programs include: infraread obseration (with Spitzer, 2006-2008), the MUSCAT project (high resolution meteor spectroscopy). Theoretical work include: ADMIRE (meteoroid entry model considering fragmentation).

Conclusion and future projects of the scientific section

As of today, the priority is first to finish what has been started: CABERNET and MALBEC in particular. In the following year, data calibration and exploitation is a natural followup. All in all, the loop is closed: theoretical considerations of the dynamics of meteoroid streams, development of observation means, data reduction and interpretation leading to dynamical works etc. A few thoughts about the word "Diriger" (to lead) in the "HDR" acronym.

I was once asked by a researcher in human sciences: "if my science is called human science, is your science inhuman?".

A few thoughts about the word "Diriger" (to lead) in the "HDR" acronym. 1
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Introduction.

In the world of what is called "hard sciences", the hierarchy of the different disciplines considered as the hardest to study to the easiest (the later being sometimes even regarded as non-science) goes like this: mathematics, physics, chemistry, biology, and last but not least, the so-called human sciences. Even if every star, every asteroid, every comet is unique, the work of the astronomer is to actually find common features between each body, find general law that are to be applied to all the bodies and to reproduce their different features, in particular by understanding their formation process and conditions. In other words, the work of the researcher is to find the big picture. Presumably, human sciences seek similar goals: to derive common features to be drawn for many human being, remembering that every one of them is unique and might not perfectly fit the derived generality. During an astrobiology course (in 2002…), I was taught that life is defined with a complexity: even the most complicated crystal is still a lot more simple than the simplest living cell. Consequently, a human being being composed of more than 37 trillion cells (source: wikipedia), is arguably one of the most complex entity astronomers have to deal with. I am of course not talking here about medical science, but rather psychology, sociology and the likes.

Researchers are supposed to be up-to-date with different techniques, at least in their domain.

Otherwise, they take the risk to find something that was already known. This is the reason why a new research work starts with a full search of all the works that were performed before. This is called bibliography. Surprisingly, at least in what I've seen in astronomy, researchers do not care at all to have a look into human sciences and management references. Chances are then that they reinvent the wheel, or worse, spend a whole career repeating the same mistakes over and over again.

A few years ago, I took some times to list all the tasks and skills that today researchers need to perform in order to survive the academic world. In short, nowadays in the academic world, you need to be able to sell yourself (in order to get grants, or even present your work during international conferences), which also means to compete with each other (should we like it or not), communicate with your peers, but also with the students, engineers, recruit people, manage a whole scientific team, communicate with space agencies, funding agencies, answer to media, communicate with the public, manage conflict within the team, manage the different egos within the team, and a lot more.

Ideally, for all these reasons: -a PhD advisor should be highly trained in communication and people management, both from theoretical knowledge, as well as it is from personal experience.

-in order to manage people, one is supposed to have a decent enough emotional intelligence (EI).

Surprisingly, at least in my experience:

-astronomers rarely care for human sciences -human qualities are never assessed nor even questioned when one applies for a job position in research (at least for CNAP or CNRS recruitment in France) -management was never taught, nor even mentioned during the 8 long years of academic studies, although the human factor might arguably account for the majority of astronomy project delays or even failures.

Not surprisingly and in other words, astronomers do not know they do not know much about human science and management. Fortunately, in most cases, "it works"! That is, PhD candidates end up defending their theses, and astronomy science is progressing. They become postdocs and end up laying a job in academia. Some of us, because of their own story, are actually pretty good or even excellent at managing people! I feel however that, most of us are not really good, to say the least.

The point of this introduction section is the following: PhD candidates management is presumably the most complex task an astronomer has to deal with, because of the very nature of the work. However, never in her/his career as (s)he even been aware of the great difficulty of the task, unless this topic is of interest to her/him. A question that is stuck in my mind for the past few years, and for which I would tend to answer "yes" is the following: is the lack of even the slightest interest in human sciences one of the reasons for some failures when it comes to people management in astronomy research?

Now, one difficulty is the following: some people spend years studying management, human behaviour and similar topics, and astronomer cannot afford to study all those topics in the same time as studying astronomy. In addition, the theoretical knowledge of management is not enough at all! Practice and experience play a preponderant role. In the following, I first share some observations and thoughts in sections 2, and then in section 3 I describe the knowledge and practices of my own management style.

Note : the expression "PhD student" has been revised in France to "doctorant" and translated in this document by "PhD candidate" (by lack of exact English word). So called "PhD students" are put at the edge of Human knowledge and asked to move forward. I do not think this is a task for a student, but rather for a well trained person in a particular field of science. Some argue that a "PhD student" is called "student" because (s)he must learn many things before being granted the degree. However I consider that, because of its very nature, the research work leads to a learning process that is lasting for the whole duration of the researcher's career. I might even argue that a researcher who no more learns anything is no more doing research, since, by definition, every new finding generates new knowledge, which implies a learning process.
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From: http://phdcomics.com.

Observations

I started to be interested in the topic of people management, shortly after laying a position in my lab at Paris Observatory. However, as a PhD candidates, I have also heard many stories: some of them are pleasant, and some are not. Below is a non-exhaustive list of a few observations I have made in the past years. The goal of this section is to lay down my own picture of a small fraction of the management (or lack of) in my surrounding, and the consequences I have witnessed directly or indirectly.

Management resources.

-In France, there is an online "guide for PhD students", but I did not find (yet…) any regarding the management of PhD candidates, beside generalities. Update: in Nov 2019 I found a MOOC on this topic . -there is a kind of disdain or mockery or even aggressive behaviour against anything that deals with management or human sciences in general -there is a sort of fusion in the eyes of many researchers, between the PhD candidate and her/his advisor: the success of one is often taken as a consequence of the work of the later. I can partially understand that: some PhD candidates are fine being completely alone, thanks to a good amount of knowledge and maturity and independence. However, many of them do need some sort of guidance (especially the first year), so, being ill advised (or not advised at all) naturally leads to missing the point and/or wasting some precious time. However, this is only part of the equation. Another case, can simply be the lack of scientific and/or management skills from the new PhD candidates, from what I have witnessed.

The good, the bad and the ugly.

The bad The most frequent complaint I have witnessed are: -my advisor is absent -my advisor does not provide me with any feedback regarding my manuscript or article. Less frequent complaints include: -my advisor has no idea of what I am doing -my advisor's feedback is useless because it is irrelevant -we agreed to do something, but we end up doing the exact opposite.

-I have to manage my boss.

The ugly Below are the worse stories that I have heard, read or witnessed (in order to preserve the anonymous character on the stories, the masculine gender has been used). The reason why I take the time to describe these situation is to highlight the need for management awareness.

-An article is submitted several months late just because the advisor has not replied to the students request to proofread it; in the end, the paper was rejected for poor scientific content; all in all many months were wasted.

-Repeated disputes, gossips, the PhD candidate ends up quitting research -A PhD candidate can not officially start his second or third year of his PhD, simply because the advisor has not signed an official document -A PhD candidate is not taken seriously because of the bad reputation of his advisor -Sufferance at work, harassment, all coming from micromanagement from the advisor -The PhD candidate ends up managing his own boss, instead of the opposite -Researchers are put in the position of mediator between a PhD candidate and his advisor. Unfortunately, researchers have very little management nor communication skill. The result is that the conflict has now reached other persons, instead of being calmed down.

-Project team member ends up quitting violently.

-Halfway through a multi years long project, a key person threatens the PI to stop the whole projet in order to get a promotion, when the PI has no power on such a promotion. https://www.fun-mooc.fr/courses/course-v1:enseignementsup+131001+session03/about 1 -A collaborator finishes his contract, but the work is not 100% finished. As a consequence, because it takes so long to fix the remaining tasks, the results are never published.

-A manager realises that the hired person is definitely not the one he wanted. Too bad this is a permanent position in France, meaning that this person is now hired for the coming 42 years… -Plane crash because the pilot did not listen to the copilot; surgeon ends up cutting the wrong leg of patient because the nurse did not dare to speak up (from "Crucial conversations" book, see references section)

The good Here are the best stories I have witnessed:

-Conflicts involving harassment were ended after a few months of adapted management -A conflict between a PhD candidate and his advisor is ended within two hours only, thanks to the intervention of a professional of mediation -"My postdoc years are by far and in all regards, the best of my years as a single person" (me) -A PhD candidate is able to significantly progress and even goes way beyond what was expected, even excels and ends up brilliantly defending his thesis -Long-lasting conflict get resolved -It only takes 5 to 10 minutes for a trained manager to understand how each and every of the 15 persons of a team works (or is sensitive to), and talk to each other in a way that is appropriate, understandable, and suitable for every situation (from ASCEO PhD advisor training courses).

-Plane accident is avoided because the pilot listens to co-pilot ; the higher hierarchy people is not offended by the remark of a subaltern (from the book "Crucial conversations")

The point of this section is: if the lack of awareness among astronomers accounts for some sad stories, there is hope since other people in human science research are actually working hard to make it possible for nearly anyone to learn at least the basics of management, and experience shows that it can work a great deal.

Preconceived ideas that I have witnessed, partly as a "correspondant doctoral" (PhD career advisor) in my lab.

The goal of this section is actually to present preconceived ideas that some PhD candidates might have, and, more important, that might prevent them from being successful. These observations were collected when I was "correspondant doctoral" at IMCCE. Here are the three main preconceived ideas I have witnessed.

-"A good sales man is a liar; in order to sell a work or an idea, you have to lie". If some salesmen use such techniques, this is not a fatality! An excellent result or idea can be sold with the appropriate speech, with no reason whatsoever to lie. What is certain, and what I have seen, is that if someone cannot talk properly in order to convince the audience, then the chances that the idea is accepted are thin. I have witnessed the story of someone extremely talented when it came to equations, but definitely not trained to give a speech. As a consequence, he had a hard time to communicate with many people, and to write scientific papers. The result is that, after a few years as a postdoc, he realised that he would never make it into the academic research. Well, this is good for him that he realised this early enough. However, this illustrates the need for high communication skills in today's research. Again, this does not mean that you have to lie in order to be convincing! Maybe you just need to have great ideas and learn how to communicate! Shall we conclude that the people claiming that you have to lie in order to be convincing do not have good ideas? Not necessarily of course. A PhD candidate can and should sell her/himself, without having to lie. The fundamental value of telling the truth, can and must be preserved, but this does not mean or imply that one cannot be a good salesman. My experience also shows that the most successful scientists are excellent sales(wo)men.

-"In order to be successful, you need to step on others toes". Again, why should a great result coming from a great work performed by a great team necessarily be the result of someone suffering from being abused? Should we conclude that the people supporting such claim have never been successful? Probably not, and I am convinced that by all means they do not want to step on others toes. This demonstrates that to be successful does not imply to abuse others.

-"When a student fails, it is the advisor's responsibility". This might be true in parts, but in part only! In the previous section I have showed the importance of even the mere existence of management process, otherwise leading to sad stories. So yes, failure might be the advisor's responsibility. But, again, this is not a fatality. Suppose you have a great advisor but a very bad student who does not follow the advisors guidance: why would the advisor take the responsibility for someone else not following the guidance? In psychology, this is called a fusion. The opposite is the differentiation, which is highly desirable, in my opinion. Granted, the advisor and the students are tied together. Ideally, this is for the better: the scientific articles written by the student and cosigned by the advisor will be highly beneficial to both of them. In case of failure from the student, the people claiming that this is all coming from the advisor probably forgets the time and energy that it takes to manage a person. As the proverb says: if you have never failed, you might never have tried anything new.

-"Nonacademic job are awful, surrounded by people looking after money only and having no other interest whatsoever ; everyone is under high pressure". Of course, I strongly exaggerate this statements! However, I have witnessed so many times very similar ideas in the mind of PhD candidates, who have never worked in non-academia structures. I believe this perpetuates the dichotomy between academy and non-academy realms. I am always struck to hear sci statement in the mouth of PhD candidates who have never work for the non-academy entities, and still claiming to be openminded. My short experience with nonacademic world is that there are good people everywhere, and that to face economic realities naturally leads to differences of goal and about the way the work is performed. I must also say, that a decent amount of pressure helps people stay focused and efficient. Similarly, the absence of competition might be reflected by a lack of motivation, having a great influence on efficiency. I have also noticed that there are a lot of similarities between academic and nonacademic daily tasks. For this purpose, I have created in appendix A and "academia versus non-academia dictionary". The point is that, after all, the two worlds are not that different. This observation also comes from reading the French "Management" monthly magazine, dealing with entrepreneur and management works.

From these observations and reading, I now describe what I have taken out and wish to cultivate.

What I have (hopefully) learned and what I still work to be better at

"Culture is what remains once you have gotten everything" (authorship contested).

This section is an unsorted collection of thoughts and practices from my own experience with people management in general and PhD candidates in particular. It portrays what I am used to do, either consciously or unconsciously (thanks to habit). At the end of the section, I draw a short list of the skills I am (slowly) working at.

Four management styles

(Acknowledgements: J. Goursat, personal communication).

Quoting my colleague Benoit Carry: "there is no good or bad management, however there is an adapted management for every person and situation". The figure below presents the four different management styles that human sciences researchers have observed.

The four management styles.

Like many researchers, my default management style is "participating". Again, there is no good or bad management style, but it is counterproductive for example to ask a newcomer his opinion about a project that he knows very little of. Most fragile people might even be stressed by their absence of insight into the project, when asked as a newcomer. Consequently, to be directives is probably more appropriate in such a case. And this can be achieved without adopting a military style! One can simply say: "since you are new in this project, you must absolutely read the documentation we have written regarding such and such aspect that you will be working at later on".

Actually, probably my biggest weakness regarding the management style, is my natural tendency not to verify what people are doing or providing, assuming that, if they said they will do it, they actually will. Similarly, to do what I promised to do is sometimes quite a challenge.

"Purposes defines success"

(from "Getting things done", D. Allen.). What is the motivation to be interested in human sciences and management in general? I can list the following items:

-Efficiency! Avoid to waste time and (emotional) energy -optimise the work between partners -avoid to reinvent the wheel (in terms of management) or to keep repeating the same mistake.

-take the most and the best about human sciences research, similarly to an orchestra conductor .
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The difference between goal and result. During my years as a "career advisor" for PhD candidates, I have noticed that there is a confusion, in the head of PhD candidates as well as advisors, between the purpose of a PhD work and the results the research will produce. I interviewed many PhD candidates every year and asked them to describe me their work, which they usually did with pleasure for five to ten minutes.

Then How to make the soup?

(Acknowledgements: J. Goursat, personal communication).

A manager wants a newcomer to make the soup for the whole team. However, he did not specify how many persons were there in the team, or what kind of flavours he wanted for the soup. Did he want a carrot soup or tomato soup? Was there three persons or 15? What is for dinner or supper? Without further instructions, the newcomer's soup is made, but it was not at all like the manager wanted to. Is it surprising? Not at all! This short story illustrates the need for a management that is adapted. A method to provide appropriate guidance is called "SMART": it is described in appendix C, and I complemented it to fit my needs.

Speak, write, do.

(Acknowledgements: Jean-Louis Rault, former project manager at Thales, permanent invited member of the FRIPON project core team).

There is a well-known methods for project management, that is simple to express, but not as simple to apply on a daily basis.

- This simple idea can help a great deal not to redo over and over again the same task, and might simplify the communication between members of a team. Now the difficulty I have encountered is to actually write down what was said, and to double check it on a regular basis to make sure to be on the agreed track.

"With great power comes great responsibility"

(Acknowledgements : Arielle Santé -ASCEO) At the end of a course on how to manage a PhD candidate (14-15 May 2013), A. Santé (ASCEO) provided us with collection of ressources (property of ASCEO). Without revealing the content, I can say that a very useful tool is to define at the very start of the PhD project, the responsibility of both the PhD candidate and the advisor. This allows later to pin point who is supposed to do what. For example, contrary to some of my colleagues belief, I am persuaded that it is the PhD candidate's task to find a postdoc. Now the advisor's role is to introduce the PhD candidate to other research teams (especially during international conferences). Similarly, within a project, my short experience shows me that conflicts arise easily when it is either not clear who does what, or when boundaries are not respected.

Table 1 is my own view of the responsibilities for the PhD candidate and the advisor.

Table 1. My non-exhaustive list of responsibilities for the advisor and PhD candidate.

Three ways to communicate

(Acknowledgements: Frederic Defoy). There are three different ways someone listens to another. On the first level, one only listens to himself. As a consequence, nobody feels listened to, and this can go on forever or create some frustration. On the second level, one carefully listens to the words that are coming from the mouth of the other person. This is of course much better than the previous case, since the other persons Lead until the PhD candidate becomes autonomous, make everything so the PhD candidate becomes a specialist in another field of expertise than the advisor's First follow the advisor's guidance, then acquire autonomy, eventually leads the research project and become a renown researcher in the field feels listened to. However, nonverbal communications are at stake too. At the third level, one listens to verbal and nonverbal communications, such as body behaviour or even surrounding.

Practicing the three levels of communication with a volunteer student helped me to understand the three different styles. Nowadays, it still helps me a great deal to either stay focused while interacting with many people (at work in particular but not only) or simply to save time by realising that neither me nor my interlocutor is really communicating.

Only three questions really matter: What? How? Why?

(Acknowledgements : Arielle Santé -ASCEO) This one comes from a one-week training for future PhD candidate advisors. The fact is, any question that can be answered by "yes" or "no", will most likely end up being answered by "yes". Most of the time anyway. So in the end, you have no idea of what is really going on. The worst question, in terms of usefulness, is: "is everything okay?". A police officer taught us the exact same idea, during a workshop on UFO witnesses organised by the French space agency (CNES).

If the officer would ask: "was the phenomenon you witnessed loud?" the answer has most chances to be "yes". Now it does not tell us much about the intensity of the sound. Now it is far much better to ask: "how would you characterise the nose you witnessed?" and (most important) let the person answer with her/his own words. Such questions saved me a huge amount of time, both at work and in the personal realm! It forces the interlocutor to think about the answer and it provided me with so much additional information that I would not even have necessarily thought of asking. It also shows how/if the envisioned plan is feasible. With my coworker, I would generally ask: "what have you done lately?" or "how do you intend to solve this problem?".

Difference of sexes

(from "Men are from Mars, women are from Venus", J. Gray). John Gray in his best seller book made the point that men tend to be solution oriented. On the opposite, women tend to speak out their thoughts as a process for problem-solving. An immediate consequence has happened many times during Auriane Egal PhD thesis: she would come to me explaining her problem, and I would try to find a solution for her, when she had already thought which path to take, and was just seeking for either a word of affirmation or a "go/ no go" signal. Fortunately, after a few weeks, I realised that the scheme was repeating itself, so I started to reverse the question to her: "What do you think"? Most of the time, the solution that she envisioned proved to be excellent! Well, to realise that did not always prevent me from falling into such a simple trap at some other occasions, but still, it helped a lot! Interestingly, Auriane Egal did not have at all the same perception of such conversations. She commented the previous paragraph explaining that she would have talked more about solutions if she was aware of the way I perceived our conversation. However she also added that, overall, it would most probably not have ended up as useful conversations as the ones we had. Moreover, I feel that to fully present the problem rather than a quick fix has the potential to unveil additional otherwise unthinkable solutions. So all in all, it worked one way or another…

"The 5 love languages" (G. Chapman)

According to G. Chapman, people are sensitive to five "love languages". These are the ways to express gratitude or appreciation, or to help each other. The consequence is that person A might have the impression that (s)he gives a lot to person B, but person B has the impression that person A is not doing anything. In practice it might look like this: person A keeps repeating to person B that (s)he is a good friend, and is working very well and that everybody in the team is extremely glad that B is part of it. In other words, person A's love language is "words of affirmation". However, person B's love language is "services", and expect person A to simply do something for the project that is high in the priority list but has been kept delayed. As a consequence, there is a constant misunderstanding between the two people. Everyone feels like the other person is not appreciating the other person's efforts to move the project forward. In the worse case, such a situation leads to serious verbal fights, stress and eventually someone quits the project. The point of this section is that it is extremely useful to know what makes person A and person B feel appreciated, in order to maintain good relationship and a friendly ambiance in the team. Now, to grasp someone "love language" requires a decent emotional intelligence (EI), that not everybody has. In fact, geeks (among which astronomers…) are generally known for having few social skills, and that is why they are geeks. The good news is that EI can be practiced . The bad Having spent a total of about four years in North America, I have witnessed and experienced the fruits of such approach, and the benefits it can reap. However, I would ponder that such methods works best for the people whose "love language" is "words of affirmation" (G. Chapman, see previous section). Otherwise, it might not be as efficient. The French culture, too much of positive reinforcement has the tendency to irritate people as well. There must be a right balance between being factual and being positive.

"Forget the popularity poll"

(from "9 Things a Leader Must Do: How to Go to the Next Level--And Take Others With You", Henry Cloud).

In his book, Henry Cloud points out that in order to achieve a given project, leaders should be focused on the envisioned goal, and make everything to reach it. One natural consequence is that the whole process might involve not being popular because of the decisions it requires. It seems to me that this is especially hard for people seeking friendship (or love, or recognition) at work. I have experienced that it is also especially hard when there is no hierarchy. Dr. Cloud points out that it might temporally affect the relationship between the leader and other people, but in the long run, when the project is done and results are reaped, the leader in charge will be praised for his management. In other words, this is most likely going to be beneficial for everybody, generally speaking. I must say that this is something I still need to get better at, even though I have already witnessed that my popularity has gone down in the realm of certain projects, but that it has affected me much less than what it would have had a few years ago.

To get better at list

Here is a very short list of management skills I want to make progress in:

- -"I see, I feel, I need, I want" method when having to confront someone.

Conclusion

On the learning curve below, I estimate that I am currently at the "discouragingly realistic". This does not stop me from being interested in the topic of management in general, nor to take over some managing tasks. However, it has led me to be more picky about which task to take and which to leave, depending on my own skills.

example: https://www.mindtools.com/pages/article/newLDR_45.htm I have noticed that there are many skills researchers must have, that are just not called the same way between academic and nonacademic worlds. The goal of this table is to provide some ways to communicate with non-academic people, and to show that the world outside research is after all not so different. Below is a non-exhaustive list of the vocabulary used in the two worlds.

B. Questions to PhD candidates

Below is the non-exhaustive list of questions asked to PhD candidates during my years as a "career advisor". 

C. Newcomer

Below is a copy of a document I provide to every newcomer, coming to work with me. The goal is to provide background awareness and tools regarding project or people management in general.

Newcomers guide

Here are a few advise for newcomers to the lab. Note that it is useful to be reminded those simple principles on a regular basis... 

Organization

Conferences.

When you go to a conference, go talk with the top 3 researchers in your field (if not top 10...), make contact with people from other countries. Why? because they most likely have a complete different approach and view as the people in your lab. Therefore it will provide you with a complementary view on your research and highlight your strength and weaknesses.

For the same reason, do NOT stick to French people longer than the 1st, or 2nd day of a 1 week conference. Otherwise you're taking the risk to spend a week wanting to talk to someone and never doing it. Force yourself to have lunch with people from other countries. You think your English is bad? No worry: most of non-native English is bad anyway. You don't understand the words of this guy with a weird accent? No worry: we've all been there at some point, so we know what it feels like and won't blame you for this. Your model still doesn't work? That's a good occasion to ask others their point of view on this topic! It's ok not to have perfect results, as long as you ask the right question or mention this is preliminary results. Do you want to best researchers in your field to remember you went job hunting seasons comes? Go ask them for advice! Why? First they will feel honoured that you are asking them their opinion, and as a consequence will pay much attention to you. Second, in order to fully understand your question, they'll probably ask you for more, which will be the perfect Goal : why are you doing this? Is it really useful? Why does it matter to you? Why does it have to be done now? -seek a win / win outcome in every situation -talk about facts, not feelings -"I see, I feel, I need, I want" principle when something is wrong -when there's a pb don't delay: talk about it (bluntly or not). Most important: talk about it to the person in charge of the problem, NOT to all your other colleagues! -take pb / conflicts as a way to improve, move on, learn something, rebound.

-don't talk on people's back. Talk about person's problems with someone you know won't always take your side and knows well both you and the person you have pb with.

-Afraid of having an argument with your colleague? Chances are after the argument things will settle down. Even better: chances are the (s)he will thank you for speaking frankly and not hiding your point of view. Remember: don't be afraid of what you say because "those who mind don't matter and those who matter don't mind". -Remember: the wise, the fool and the evil (from H. Cloud, "Necessary endings").

-halfway through the internship, fill in an appreciation form and discuss with the person why you filled it this way and what to change for the second half. Assess the being (personality), knowledge and know how. -carefully detail the job, highlighting the desired skills and personality ; get the people with a "carrot" like observation trip or money in addition to the subject itself -hiring someone: evaluate the knowledge, know how and the being (in French: savoir, savoir faire et savoir être) 1st face to face meeting: -ask why (s)he is here and how her/his CV fits the needs -test knowledge with respect to the project goals -evaluate the "know how" based on past experience -evaluate personality (=ask yourself if you would like to work with this person) and candidate motivation, -ask about people management skill / experience, ask about how it went with previous advisor -test autonomous work+thinking abilities: what do you usually do when you're stuck? -test independence versus autonomy -ask about personality strengths and weaknesses -ask about availability time period.

-ask if (s)he has questions about the project, but decide before end what question you really do NOT want her/him to ask. Example: I would hate that someone asks me about vacations as a first question. Not that it does not matter, just that I might conclude the person is more interested in vacation than the job itself, and as such, is not where (s)he would like to be. And if so, (s)he probably won't like being working with us. Remember: if you like it, you'll be good at it! see also : http://management.about.com/od/managementskills/a/InterviewQ70204.htm https://fitsmallbusiness.com/worst-interview-questions/ How to write a proposal? -the first and probably the most important thing to do is to know exactly what the referee/ committee wants/needs. If you do not answer the needs, why would they give you the money? Or why would they hire you if you do not fit the needs? -put yourself in the shoes of the referee who reads the proposal: if it's not clear and interesting to read, why'd he even continue to read the proposal until the end? Needless to say that if your proposal is boring you won't get the money.

-keep asking yourself why is my idea a good idea and how will I convince that is a good idea? -keep asking yourself why would I do that? What benefits would I get from it? Is it really new and groundbreaking?

  and P. Wiegert •Purpose: Determine the origin of several meteor showers, comets and asteroids; Protect the Deep Impact spacecraft; Plan the first dedicated meteor observations from another planet Teaching: • Supervisor of postdoc fellows (x3), PhD (x4), undergraduate (x19) and engineer (x10) students (internship) since 2002 • University Degree (DU) "Explorer et Comprendre l'Univers" (9h per year) since 2012 • OBSERVATOIRE DE HAUTE PROVENCE (France), teaching of observation with a 1.20 m telescope since 2011 • OBSERVATOIRE DE PARIS (FRANCE), conference for the public, TV and radio interviews, Guide for the public, observations for the public at the 33cm telescope (build in 1856) since 2000 • California Institute of Technology (USA), organized 2 star parties in the desert, TV interview, participation to science articles for the public, conference in high school 2006-2008 •ARMAGH OBSERVATORY (N. Ireland), Guide for the public 2006 •CRONYN OBSERVATORY (UWO, London, Canada), Guide for the public 2005 •University of Paris 13 (Saint-Denis, France) : teaching of computer science (undergraduate level), 120hrs

Figure 1 :

 1 Figure 1: One of the first correct prediction of meteor shower, by McNaught and Asher (1999).

Figure 2 :

 2 Figure 2: Orbit size distribution of the 2011 Draconids, from ground based video camera observations and the SonotaCo data reduction software suite (A. Leroy).

  las et al. (2014); SonotaCo (2009); Jenniskens et al. (2011); Hankey and Perlerin (2015). Some scientific goals of such observations and the means to achieve them are summed up in table 1. From a dynamicist view point, double-station observations are the most useful.

Figure 3 :

 3 Figure 3: Goals and means of meteor observations (from Vaubaillon et al., 2020).

Figure 4 :

 4 Figure 4: Example of meteor triple detection with CABERNET cameras. Images are subtracted from previous frame (thus removing stars and background).

  al., 2012; Rudawska et al., 2012; Egal et al., 2017) It uses common astronomy tools such as SExtractor (source extraction), SCAMP (astrometry) and PSFex (PSF fitting for more accurate source extractor) (Bertin and Arnouts, 1996; Bertin, 2006, 2011).

Figure 5 :

 5 Figure 5: Running e ciency as a function of time for the Pic Du Midi (red), Montsec (blue) and Guzet (green) stations. Highlighted regions indicate periods with two (salmon) or three (blue) stations with a non-zero e ciency value (Credit: A. Egal, 2019).

Figure 6 :

 6 Figure 6: The FRIPON network in early 2020.

Figure 7 :

 7 Figure 7: The participants to the first European airborne meteor observation campaign, in Kiruna before going back home. The DLR and SAFIRE Mystere 20 (a.k.a. Falcon 20) are visible in the background.
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  Running e ciency as a function of time for the Pic Du Midi (red), Montsec (blue) and Guzet (green) stations. Highlighted regions indicate periods with two (salmon) or three (blue) stations with a non-zero e ciency value (Credit: A. Egal, 2019). . . . . . . . . . 6 The FRIPON network in early 2020. . . . . . . . . . . . . . . . . 7 The participants to the first European airborne meteor observation campaign, in Kiruna before going back home. The DLR and SAFIRE Mystere 20 (a.k.a. Falcon 20) are visible in the background.

Figure 1 :

 1 Figure 1: the non-exhaustive list of the skills of the new scientist. Green color denotes what is taught at physics or astronomy university level. Red is what astronomers do, but were never taught to do.

1 -

 1 there is a huge discrepancy between what we learned at school and what we do at work (especially management-wise, see also Fig 1).

  Define the topic, goal and pertinence, feasibility of the PhD project get acquainted with the scientific context and double check the goal, pertinence and feasibility Communicate bibliography resources, set time for paper discussions, ask for candidate's opinion Read and search relevant articles, discuss the papers with advisor and provide opinion Define report frequency with PhD candidate Report at agreed frequency Help brainstorm to overcome scientific problems Brainstorm to overcome scientific problems Help decide what to implement to move forward Implement the solution to move forward Communicate guidelines regarding writing Write thesis and scientific papers Communicates guidelines to make a powerful presentation Practice and Make the presentation in front of peers Communicates about conferences Go to conferences (preferably with advisor for the first one) Introduce the PhD candidate to other research teams Interact with other research teams, without the advisor Communicates the guidelines for the thesis defence Defend the thesis Communicates known resources to get a job Get a job after the PhD defence

Figure: typical learning

  Figure: typical learning curve. In terms of management, I estimate that I am at the bottom of the right hand side of the curve…

  -always ask them to grade you: it will highlight your management / communication strength and weaknesses -regularly go back to your note to remember yourself what / where you need to change/improve. -Management resources: Dale Carnegie: "how to make friends and influence people" Henry Cloud & John Townsend: "Boundaries" Henry Cloud: "Necessary endings" Got problems with your boss or colleague & no more know what to do? Here are 2 life-changing resources to help you handle any conversation when stakes are high: -crucial conversations (REF) -crucial confrontation (REF) Other resources : www.salary.com How to get a student work for / with you? What to ask during an interview?
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  is worth mentioning that other networks exist e.g. in Central Europe (Oberst et al., 1998; Srba et al., 2016), Poland (Wiśniewski et al., 2017), Spain (Trigo-Rodríguez et al., 2004), Canada (Brown et al., 2010), USA (Jenniskens et al., 2011), Australia

  The latest were based on past observation of the same encountered trails(in 1933(in and 1946(in Vaubaillon et al., 2011)). This implies that either 1) past observation are wrongly calibrated or 2) meteoroids are naturally lost by e.g. self disruption of collision. Hypothesis 1 is plausible, since eyewitness observations are subject to high uncertainties, but this should be better proven for this specific case. Hypothesis 2 has been suspected for a long time(Jenniskens et al., 2008), but the definite proof was provided by[START_REF] Koten | September epsilon Perseid cluster as a result of orbital fragmentation[END_REF], when several September epsilon Perseid were detected within less than 2 seconds. However in the case of the Draconids, such a decrease within such a short time scale ( 50 years) is doubtful (IMHO). Collisions usually takes longer to have such significant e↵ect on meteoroid streams, as we have showed[START_REF] Soja | IMEM2: a meteoroid environment model for the inner solar system[END_REF].
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  I asked them "what is the purpose of your work"? Most of the time, I noticed by the way they looked at me that they were wondering if I was either stupid, or if I had not listened to anything they just said. During a scientific council, a researcher even told me that it is useless to define a goal for any research work, since you do not know in advance what you will find, by definition of research. He kept going explaining that if you do know what you want to find, then this is not research. In both cases, I had to explain the difference between the goal and the results of a research work. The result is indeed what will be found during or at the end of the research process. But the goal is what drives you to conduct this research. Quoting David Allen, the goal is the answer to the question: "how will you know at the end [of the PhD] that you were successful, that you have performed the work that you actually wanted to?" In order to better explain myself, I always give some examples. The goal of a PhD work might be to create a new model. At the start of the PhD, of course, you do not know what the model will look like, but you know that you are successful when the model is built. Alternatively, the goal of the PhD work might simply be to explore a brand-new field. Even if no great scientific discovery is made, the goal is reached at the end of the PhD, because the field has now been explored widely enough to show that it is pointless to keep searching it. Another goal might simply be to exploit data (which is quite common in astronomy). Again in such a case, you do not know what will be found, but you know that you are successful when the data are exploited.

  3 news in my opinion, is that it takes a long time to learn and/or might end up being expensive. How to make friends and influence people", D. Carnegie) Depending on the people and the culture, there is a natural tendency to either point out what is going right or what is going wrong. Experience shows that to systematically point out what is wrong can easily lead to discouragement. According to experiment as well, motivation is greatly stimulated by positive reinforcement, that is to point out what is working well, or what was done right.

	Positive reinforcement
	(from "

  This list was initially created by myself, and enriched thanks to my colleague Benoit Carry. The goal of these questions are not necessarily to get precise answers, but rather to initiate a reflexion coming from the PhD candidate. During a conference, how do you approach a researcher working in your field, that may end up being your future employer? What can you do so that (s)he remembers you when time comes for you to lay a job? -How relevant for your end goal is your current work? -Have you already submitted a scientific article? If not, when and how do you intend to submit one? (If needed, the PhD candidate is reminded that this is a requirement to get the degree).-What are the administration steps for your defense? If unknown, informations are provided.-What are the lab resources for PhD candidates? If unknown, links to the PhD candidates laboratory webpages is sent.-What are the skills that you are currently developing, or that you will develop, that can be useful for nonacademic position? Advice is given to produce two CVs by the end of the PhD years: one dedicated to academic research and another one for nonacademic structures.-What do you know about the academic world? What is your experience with nonacademic world? The point of these questions is to make a PhD candidate aware that there is a whole other world outside academia, and that, if (s)he doesn't know it and doesn't want to go into it, it might be because of preconceived ideas. The goal is not to convince the PhD candidate to seek nonacademic work, but rather to have a look at other possibilities, in order to have a better opinion, based on her/his own observations and experience. The PhD candidate is reminded that, at least in France, nine out of 10 astronomy PhD awardees do not end up as astronomers in academia.-Are you becoming your advisor's students? The goal of this question is for the student to realize that (s)he should be known for her/his own work, not that of the advisor. Similarly, (s)he should be known and renowned for his own work, not the one that her/his advisor wants her/him to do.

	-How many international conferences have you attended? How many will you attend this coming
	months/years?	
	-	
	Research	Rest of the world
	Teaching	people management
	scientific team chief	team management
	expertise	consulting
	to present my work at an international	to sell my project or myself
	conference	
	to write a grant proposal	to sell my project, to convince, to be in
		competition
	to create a new research project from scratch,	to be an entrepreneur
	apply for funding, planning the different	
	resources needed for the project, to recruit	
	people, lead the project to its end	
	to talk with other researchers in the domain,	to network
	and particularly to researchers in position to	
	hire you in the future	
	to find a postdoc position	to find a job
	to apply to a permanent position	to sell yourself, to be in competition
	to go for lunch or dinner with other researchers	to have an informal interview
	who might end up being the future employer	
	-What's your name? Who is your advisor? When did you start to PhD thesis?
	-Why are you doing a PhD thesis? What are your motivations?
	-What do you expect from your PhD work for yourself? What skills/status/knowledge/"know how"
	would you like to acquire during these years? How will you acquire them?
	-What are your middle term goals? What would you like to do after your defense? Would you like
	to stay in academia or to go to private companies? Other plan? Why?
	-What is the topic of your research?	
	-What is the goal of your research?	
	-How relevant is your work considering the field?	
	-Have you everything you need in order to perform the tasks that you are currently doing? If not,
	how can you get them?	
	-How often do you meet with your advisor? Is it okay with you? If not, what can you do to make it
	okay for you?	

.

  Every day, set up a time to define what you want to achieve by the end of the day. Once a week, and preferably NOT on Friday, set up a time to define what you want to achieve in the next week and also to sum up everything you have done for the past week. Do it once a month for one month duration. FYI: this is what I do for the so called "weekly meeting", usually organised on Thursday. Draw a schedule well ahead for the big tasks, like writing proposals, if you want them to be successful. Make sure you have a clear idea of the task you are doing, or asked to do. Never hesitate to ask questions on this topic, or on any other technical question! Remember that there is no stupid questions, only stupid people who do not dare to ask ;-) Similarly, keep in mind the goal of what you are doing, in terms of intermediate and final goal. Having the big picture in your head will help you in everything you do. As a consequence, do not hesitate to take short breaks in order to clear your mind, or to reflect on the big picture. Finally, remember that to think outside the box is what will get you the furthest in everything you do. Write down a report on every big step of your work. It will help you to look back at all the things you have achieve and motivate you for the next step."If you're not failing, you're not trying enough new things" or the equivalent: "if you have never failed, you have probably never tired anything new" "Success is the ability to go from one failure to another without loss of enthusiasm" Always keep in mind the goal of what you are doing: it will help you to avoid rabbit trails. Studies show that we are best efficient when we are not interrupted, for a period of 1.5 hours (in general). As a consequence, try to avoid any source of distraction (emails, internet, telephone etc.) we you need to focus. Best is to shut your door, but in order to also be accessible for your coworkers, remember to open it again when you are no more so much in need of quiet time. Work meeting: contrary to the French culture, the most important time is the END up time! It will help you to focus on what really matters and hopefully avoid rabbit trails. Never leave a meeting without having a TODO list as well as a deadline for each item (and priorities). If the meeting does not end up with a clear decision about what to do, you will feel like you have wasted your time and will be less likely to attend the next meeting. When you are meeting to show some results or updates, remember the KISS principle: Keep It Simple Stupid! Remember: if you like it, you'll be good at it!Report.All of us have to write reports soon or late in our life. As a consequence, it will be very useful to take notes on a regular basis. This is exactly why it is very useful to set up a time every day, every week, and every month to reflect on what you have done and what you will do. Remember also that we are all here to help you in this task, so do not hesitate to ask us about the lab, about the project, and about past works for the project aso. Do NOT start typing right away! Reflect on the GOAL of the report: what would you like to say? Who is it intended to? Have a brainstorming session with yourself, draw a mind map, and THEN write down (e.g. by hand) a detailed outline of the report. Put keywords for each idea you will develop in paragraphs. Otherwise chances are you'll get quickly confused about what you want to include in the report. Remember: KEEP IT SIMPLE STUPID. ESPECIALLY when you write in English (if you're not native English). The structure of your sentences should be: subject, verb, complement AND THAT'S IT! If you're French, forget the way you write at school, that is not the point here. As much as you can, think in English, not in French. To make an efficient presentation is far from being easy. If you think otherwise, you're probably not giving efficient talks.-First of all: know your audience! Even scientists need to be introduced to your field, so you'll have to explain the basics. Public talks are the hardest because the audience is composed of very different persons, having a very different background. FYI: the Hawaii "Institute of Astronomy" rule specifies that the first HALF of the talk should be about introducing the topic. So never neglect this part or you will loose your audience very quickly.-Set your goal: You want people listening to you to walk away with new ideas and with the feeling that they have understood something new. The question you HAVE to ask yourself is: what do I want people to learn / know / understand? -Pin down the key points of your presentations: transitions and what really matters -How to? The thing with a presentation is that there is always a certain dose of stress inherent to any talk in public. This is exactly why you need to prepare your very first and the very last sentence. This will avoid "Er...", "well" and embarrassing silent times. In addition, if you start with When you prepare your slides, remember again that most other people are visual and only one third need words more than images. Keep in mind also that nobody will read long sentences or equations. My suggestion: in your slides, always put words AND image (in order to touch everybody), and keep your words FEW, focusing on the main ideas. NEVER put a whole sentence! (it's boring to read and to hear...). Restrict your number of slides to 1 per min approximately. So if you give a 15 min talk you should have 12 to 18 slides. In your slide, put at MOST 3 colours, otherwise it will be very hardly readable, so nobody will read it. During your talk, move your hands, NOT your feet, otherwise people will focus on you and get dizzy instead of focusing on your slides and talk. Remember to face the people, not the slides. As much as you can, and as much as it is allowed, try to interact with them to keep their focus. Putting a question as the main title of your slide will help people keep focusing because they'll ask themselves the question and will fell like they cannot wait for the answer you are about to provide. The conclusion: 3 sentences maximum: write down and say what you want people to remember / walk away with. This is the short answer to your question: "what do I want people to learn / know / understand?". Last slide: acknowledgements, accompanied by the last sentence. My suggestion: "Thank you for your attention" will, again, avoid silent and embarrassing time. Last but not least: practice is the key! Remember again that we are here to help you! Subscribe to famous papers (e.g.: Nature, Science, Icarus, Earth Moon & Planets, MNRAS, AJ, AA, ApJ etc.) Table of Content in order to be aware of what is going on. -Always keep in mind why you are doing what you are doing and why it is interesting and worth the effort (=keep the big picture).
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	"Done is better than perfect"
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	Research resources / advice:
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	Presentation.

Stuck in procrastination?

Check the book: "Getting things done", D. Allen (available at IMCCE library).

Failure.

Stressed to fail? Fearing to disappoint your boss? Check this out: a joke, everybody, including you, will feel more relaxed. Once your first sentences are done you'll already feel better anyway. Remember that after 20 minutes, you will have lost half of your audience (at least, this is what statistics say...). As a consequence, after 10 or 15 minutes, you want to put something exciting that will wake up everybody. My suggestion: put a movie, because everybody likes movies, and most of the people are visual and will remember it.

  occasion to present what you are doing. Finally, they might give you insight or new ideas of what you are doing. All in all, you have everything to gain!Networking.It is the art to connecting to other people for whatever purpose, and in particular that of getting you a job in the end. Let's be frank: most geek/scientists do NOT like this word, mainly because they are usually bad or afraid at social skills. Things to remember: -people will be happy to talk to you because they want to pass on what they know to the future generation of scientists Informal interview: questions to ask: -what is their job? Company? Do you like it? -how did you get here? people you met? resume question.-what should I do to follow your footstep? do NOT ask them to pass it on, -who else should I talk to? warning: people are bombarded with requests so make sure to be short. " the big picture of the whole project -draw an "organisational chart"; who does what? -draw a functional scheme: what does what? -identify / anticipate future problems, as much as possible -manage projects through interfaces -explore a solution, then draw out the advantages and inconvenient, THEN conclude.-PLAN, DO, CHECK, ACT -to trust doesn't mean you don't check!!! Have a regular meeting (in my case weekly). The goal of this meeting is: -think of ALL what you have done for the past week so everyone can see your progres -present it to the other members of the team, in a concise and interesting (for the others not for you) way. Remember to Keep It Simple Stupid (KISS)! Unless you're the PI or have big news, don't speak for more than 5 min. Remember there might we many people also talking. AS A CONSEQUENCE YOU ABSOLUTELY HAVE TO PREPARE YOUR MEETING!!! -present your intended work for the coming week so everyone can know your plans -share your keystone problems so you can discuss it with a colleague who can give you an advice AFTER the weekly meeting -useful books: "7 habits of highly effective people" by Stephen R. Covey ; "Getting things done" http://www.evancarmichael.com/People management:-"Management is doing things right. Leadership is doing the right thing" (P. Drucker & W. Bennis) -"Great people talk about ideas. Average people talk about things. Small people talk about other people." -always encourage and point out what has been done ; then you can talk about what's missing or not done the way you thought -make sure you communicate clearly: evaluate your communication by e.g. asking the other one to reformulate what you've just said. Alternatively, rephrase with your own words what your colleague just told you to make sure you have listened and understood what (s)he means. -make sure your co-workers have enough tools/knowledge to perform what you have asked them Time-oriented, Time framed, Timed, Time-based, Timeboxed, Timely, Time-Specific, Timetabled, Time limited, Trackable, Tangible E Evaluate : Ethical, Excitable, Enjoyable, Engaging, Ecological R Reevaluate : Rewarded, Reassess, Revisit, Recordable, Rewarding, Reaching and I would add (from D. Allen): N Next step : what is the next step towards your goal? If it takes less than 2 minutes, do it NOW!!! (from D. Allen) G

	Project management:
	-set up clear goals
	-"drawto do	
	-the SMART(ER-NG) method when setting a project / task:
	S	Specific : Significant, Stretching, Simple
	M	Measurable : Meaningful, Motivational, Manageable
	A	Attainable : Appropriate, Achievable, Agreed, Assignable, Actionable, Ambitious, Aligned,
	Aspirational
	R	Realistic : Relevant, Resourced, Resonant
	T	Time-bound :
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who else outside of meteor science publishes 1 error bars results? In itself it is a confession that measurements are a↵ected by strong uncertainties
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