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INTRODUCTION 





In  this  second  edition  of  Sm@rt,  finished However, spontaneous groups of citizens from editing  in  January  2020  we  find  an  incredible around  the  world  have  also  been  born 

amount  of  phenomenal  and  valuable 

committed to the environment, the defense of discoveries in all branches of science that have animals,  the  oceans,  the  indiscriminate  felling been very difficult to choose. Since finding the of  forests,  etc.;  collective  consciousness  has first  molecule  formed  in  the  universe  (ch.  8), been  growing  and  has  been  backed  by  the through  Google's  announcement  of  having 

massive marches for climate change. Little by reached quantum singularity (ch. 5), a false horn little  we  understand  that we  are  not  alone  on to save the rhinos (ch. 4), or the announcement this planet and that in order to survive we must of the discovery of a fifth fundamental force of respect the environment that shelters us. 

physics (ch. 8). CES 2020 in Las Vegas (ch. 12) brought us great innovations that will mark the This  collective  awareness  will  allow  children future; like the technological city of Toyota in and young people to be more responsible with Japan,  the  Mercedes  Benz  supercar  based  on the  environment,  to  consume  better,  more the Avatar movie or the full-screen computers intelligently,  to  be  more  human  with 

that double as cell phones. 

themselves and with the planet. 

"The  birth  of  science  was  the 

«Science  does  not  know  about 

death of superstition."  Thomas 

countries,  because  knowledge 

Henry Huxley 

belongs to humanity and is the 

torch that illuminates the world. 

It has been a wonderful year for science and we Science  is  the  soul  of  the 

want to share with you what struck us the most. 

prosperity  of  nations  and  the 

In  turn,  human  beings  are  a  species  in  an source  of  all  progress  ».  Louis 

incredible  paradox;  Through  science  we  have known  and  learned  about  our  origin,  the Pasteur 

universe  we  live  in,  our  planet  and  its composition, we have seen exoplanets millions There  are  thousands  of  scientists  and 

of  light  years  away,  we  are  getting  closer  to entrepreneurs  around  the  world  working  on being an interplanetary species; and at the same alerts,  projects,  new  materials,  innovative time  we  are  in  an  era  of  absurd  scientific systems so that our impact on the environment denialism financed by interest groups wanting is  less  harmful,  or  to  reverse  part  of  the to deceive our children; millions of people deny problem we have created. 

the  roundness  of  our  planet,  which  has  been To them and for them we write this book, as a photographed countless times from space, the tribute to their work and dedication to know, effectiveness  of  vaccines  that  have  saved understand  and  publicize  the  result  of  their millions  of  lives  is  denied,  and  finally,  an thousands of hours of study and dedication in obvious climate change caused or exacerbated favor of a better future for humanity. 

by  human  action  is  denied,  despite  all  the warnings  and  evidence  of  thousands  of 

Edit: Nathalia Guerrero V. 

scientists who have studied it for decades. 



What  we  believe  or  want  to  believe  is  more important  than  the  evidence  collected  by scientists, 

astronauts, 

mathematicians, 

physicists, etc. 
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ΛSTRΦNOMY 











The Event Horizon Telescope (EHT) — a planet-scale array of eight ground-based radio telescopes forged through international col aboration — was designed to capture images of a black hole. 



In  coordinated  press  conferences  across  the  globe,  EHT 

researchers revealed that they succeeded, unveiling the first direct visual evidence of the supermassive black hole in the centre of Messier 87 and its shadow. 

The shadow of a black hole seen here is the closest we can come to an image of the black hole itself, a completely dark object from which  light  cannot  escape.  The  black  hole’s  boundary  —  the event horizon from which the EHT takes its name — is around 2.5 times smal er than the shadow it casts and measures just under 40 bil ion km across. 

While  this  may  sound  large,  this  ring  is  only  about  40 

microarcseconds across — equivalent to measuring the length of a credit card on the surface of the Moon. 

Although the telescopes making up the EHT are not physically connected, they are able to synchronize their recorded data with atomic clocks — hydrogen masers — which precisely time their observations. These observations were col ected at a wavelength of 1.3 mm during a 2017 global campaign. Each telescope of the EHT  produced  enormous  amounts  of  data  –  roughly  350 

terabytes  per  day  –  which  was  stored  on  high-performance helium-fil ed  hard  drives.  These  data  were  flown  to  highly specialised supercomputers — known as correlators — at the Max Planck Institute for Radio Astronomy and MIT Haystack Observatory  to  be  combined.  They  were  then  painstakingly converted  into  an  image  using  novel  computational  tools developed by the col aboration. 

Credit: EHT Collaboration 
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"We suggest that the outgassing of water vapour ASA Just Confirmed There 

on  Europa  occurs  at  lower  levels  than 

Are Water Plumes Above the 

previously  estimated,  with  only  rare  localized Surface of Jupiter's Moon 

events  of  stronger  activity,"  Paganini  and  his team wrote in the paper. 

Europa: 

A  team  led  by  researchers  out  of  NASA's Goddard  Space  Flight  Center  in  Greenbelt, Maryland, has confirmed traces of water vapor above the surface of Jupiter's icy moon Europa. 



 Artist's impression of the plumes. Credit: NASA's Goddard Space Flight Center/David Ladd. 

For many years, scientists have suspected that there's  water  on  Europa's  surface,  and  several observations appear to back up that suspicion. 



More  than  two  decades  ago,  NASA's  Galileo spacecraft  found  evidence  of  an  electrically Credit: NASA 

conductive fluid on the moon's surface. Then, a 2018  analysis  of  the  data  found  evidence  of And that's a big deal as the tiny space rock massive  plumes  of  liquid.  Data  previously is  one  of  the  highest  priority  targets  in col ected  by  NASA's  Hubble  Space  Telescope NASA's  search  for  extraterrestrial  life, supported the existence of the plumes. 

according to the agency. 

 "While  scientists  have  not  yet  detected liquid  water  directly,  we've  found the  next best  thing:  water  in  vapor  form,"  lead researcher  and  NASA  planetary  scientist Lucas Paganini said in a statement. 

According to a paper published in the journal Nature Astronomy, the NASA team discovered 



 Scientists have detected  the  first  direct  evidence  of  water  vapor on enough water vapor being released from Europa Jupiter's moon Europa. Credit: NASA 

to  fil   an  Olympic-size  swimming  pool  within minutes. 

"We performed diligent safety checks to remove possible  contaminants  in  ground-based 

But while that sounds like a lot, it was only just observations," Goddard planetary scientist Avi enough to be detected from Earth. 

Mandell said of the water vapor discovery in the statement.  "But,  eventual y,  we'l   have  to  get Out  of  17  observations  by  the  W.  M.  Keck closer to Europa to see what's really going on." 

Observatory  in  Hawai ,  which  uses  a 



spectrograph 

to 

detect 

the 

chemical 

A mission to do just that is already lined up. 

compositions of other planets' atmospheres by NASA's upcoming Europa Clipper mission 

scanning  the  infrared  light  they  release  or will get a much closer look at the icy moon's absorb, the scientists only spotted water vapor surface as soon as 2023. 

in one. 

 



The  spacecraft  will  feature  a  suite  of cameras,  spectrometers,  and  a  radar  to 14 
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investigate  the  thickness  of  Europa's  icy interstellar  space  has  been  a  dilemma  for shell during 45 flybys — and perhaps yield astronomy  for  a  long  time”,  says  Rolf Güsten further insights into the water vapor above from the MPIfR, first author of the paper and the moon's surface while it's there1. 

Principal  Investigator  of  the  GREAT  project 

 

until October 2018. 



Astronomers finally find the 

first molecule ever formed in the 

universe: 

The GREAT Instrument aboard SOFIA 

traces a very special molecule 

HeH+ was the first molecule that formed 

when,  almost  14  billion  years  ago,  falling temperatures in the young Universe allowed The GREAT far-infrared spectrometer is mounted to the telescope recombination  of  the  light  elements 

 flange of the flying observatory SOFIA, inside the pressurized cabin. 

produced  in  the  Big  Bang.  At  that  time, Credit: © Carlos Duran/MPIfR. 

ionized hydrogen and neutral helium atoms 

   In  the  late  1970s,  astro-chemical  models reacted to form HeH+. 

suggested the possibility that HeH+ might exist 

  

at detectable abundances in local astrophysical nebulae, and would be most easily observed in so-called  planetary  nebula,  ejected  by  sun-like stars in the last stage of their lifetime. The hard radiation  field  produced  by  the  central  white dwarf  star  with  a  temperature  of  more  than 100,000 degrees drives ionization fronts into the ejected envelope, where HeH+ is predicted to form. 

 “The discovery of HeH+ is a dramatic and beautiful  demonstration  of  Nature's 



tendency  to  form  molecules",  says  David Spectrum  of  HeH+  as  observed  with  GREAT  on  board  of Neufeld from the Johns Hopkins University SOFIA  towards  the  planetary  nebula NGC  7027.    Credit:  © 

in Baltimore, a co-author of the paper 

 Composition: NIESYTO design; Image NGC 7027: Wil iam B. 

 Latter  (SIRTF  Science  Center/Caltech)  and  NASA/ESA; Spectrum: Rolf Güsten/MPIfR (Nature, April 18, 2019) 

 ”Despite the unpromising ingredients that are 

  

available,  a  mixture  of  hydrogen  with  the Despite  its  unquestioned  importance  in  the unreactive  noble  gas  helium,  and  a  harsh history  of  the  early  Universe,  the  HeH+ 

environment at thousands of degrees Celsius, a molecule  has  so  far  escaped  detection  in fragile  molecule  forms.  Remarkably,  this interstellar  space.  Studied  in  the  laboratory  as phenomenon  can  not  only  be  observed  by long ago as 1925, dedicated searches during the astronomers  but  also  understood  using 

last  decades  have  been  unsuccessful,  thereby theoretical models that we have developed.”  

chal enging our understanding of the underlying 

 

chemical  networks.  “The  chemistry  of  the The  detection  of  this  special  molecule Universe  began  with  HeH+.  The  lack  of 

brings a long search to a happy ending, and definitive  evidence  of  its  very  existence  in eliminates  doubts  that  we  might  not 



1  Futurism,  Victor Tangermann, NASA Just Confirmed There sciencealert.com/nasa-finds-water-plumes-above-the-surface-of-Are Water Plumes Above The Surface of Jupiter's Moon Europa, jupiter-s-icy-moon-europa 
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understand  the  underlying  formation  and Helium Hydride HeH+: The helium hydride destruction  as  well  as  we  thought.    It  is  a ion forms by the reaction of a helium atom, a reward  for  many  years  of  instrument 

noble gas, with a proton (ionized hydrogen), the development  work,  and  underlines  the 

two  most  abundant  elements  in  the  Universe. 

scientific  value  of  airborne  far-infrared The positively charged ion is highly reactive, the astronomy.     

strongest acid known, and wil  transfer a proton SOFIA soars over the snow-covered Sierra Nevada mountains with to absolutely ANY neutral molecule it contacts its telescope door open during a test flight. SOFIA is a modified (the  ONLY  species  it  wil   not  react  with  are Boeing 747SP aircraft. Credits: NASA/Jim Ross 

 

other  cations).  According  to  the  laws  of SOFIA is a Boeing 747SP jetliner modified to quantum  mechanics  each  molecule  emits 

carry  a  2.7-m  diameter  telescope.  It  is  a  joint radiation  at  defined  frequencies  that  can  be project of the National Aeronautics and Space calculated and measured in the laboratory. This Administration  (NASA)  in  the  USA  and  the unique  fingerprint  al ows  unambiguous 

German  Aerospace  Center  (DLR).  NASA’s 

identification  by  means  of  spectroscopy.  The Ames  Research  Center  in  California’s  Silicon lowest  transition  of  the  rotating  HeH+  ion Val ey  manages  the  SOFIA  program,  science occurs  at  a  frequency  of  2010  GHz  (or  0.149 

and mission operations in cooperation with the mm wavelength) 2. 

Universities  Space  Research  Association 

 The  research  team  comprises  R.  Güsten,  H.  Wiesemeyer,  D. 

headquartered in Columbia, Maryland, and the Neufeld,  K.  M.  Menten,  U.  U.  Graf,  K.  Jacobs,  B.  Klein,  O. 

German  SOFIA  Institute  (DSI)  at  the 

 Ricken, C. Risacher, and J. Stutzki. MPIfR authors of the study University of Stuttgart. 

 include Rolf Güsten (lead author), furthermore Helmut Wiesemeyer, Karl  M.  Menten,  Bernd  Klein,  Oliver  Ricken  and  Christophe GREAT: The German Receiver for Astronomy Risacher (co-authors). 

  

at  Terahertz  Frequencies  is  a  high-resolution spectrometer  for  astronomical  observations  at far-infrared  wavelengths  (0.06-0.60  mm), 



operating in a wavelength regime that general y is 

not 

accessible 

from 

ground-based 



observatories due to absorption in the terrestrial atmosphere. 



2  First astrophysical detection of the helium hydride ion, Mpifr-bonn.mpg.de, https://www.mpifr-

 bonn.mpg.de/pressreleases/2019/5 
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UY Scuti is a hypergiant star with a radius that's he  12  Biggest  Objects  in  the 

around 1,700 times larger than the sun, making Universe: 

it  the  biggest  known  star  in  the  universe.  If someone were to place UY Scuti at the center of The universe is a big place, and it's ful  of big the  solar  system,  its  edge  would  extend  just things.  Planets,  stars,  galaxies  and  clusters  of beyond  the  orbit  of  Jupiter.  Gas  and  dust galaxies  extend  upward  on  ever-more-massive streaming  from  the  star  would  extend  even scales.  Here  we  marvel  at  some  of  the  record farther out, beyond the orbit of Pluto, or around holders in different cosmic categories, perhaps 400 times the Earth-sun distance. 

feeling  humbled  by  the  universe's  ability  to produce entities of incredible size and grandeur. 

Largest Nebula: The Tarantula Nebula 

 

Largest exoplanet: GQ Lupi b 



 Image credit: X-ray: NASA/CXC/PSU/L.Townsley et al.; Optical: NASA/STScI; Infrared: 



 NASA/JPL/PSU/L.Townsley et al. 

 Image credit: ESO 





Both the largest known nebula and most active Astronomers weren't sure what to make of the star-forming  region  in  our  local  galactic mysterious  GQ  Lupi  b  when  it  was  first neighborhood,  the  Tarantula  Nebula  stretches discovered  in  2005.  Orbiting  a  young  star for  more  than  1,800  light-years  at  its  longest around two and a half times farther than Pluto span. Also known as 30 Doradus, the object is is from the sun, the companion object seemed located  170,000  light-years  from  Earth  in  the to be either a planet or a brown dwarf, which is Large Magellanic Cloud, a small satellite galaxy actual y  a  type  of  smal   star.  Subsequent that orbits our Milky Way. Rather than a kil er observations have yet to clear up the confusion, arachnid,  this  Tarantula  is  a  stellar  nursery  — 

but the best estimates suggest GQ Lupi b has a within its beautiful folds of gas and dust young radius around 3.5 times that of Jupiter, meaning stars are being born. 

that  if  it  is  an  exoplanet,  it's  the  largest  ever found. 

Largest empty spot: Supervoid in 



Eridanus 

Largest star: UY Scuti 





 Image credit: Bil  Saxton/NRAO/AUI/NSF/NASA Image credit: Philip Park/CC by SA 3.0 



  

In 2004, astronomers noticed a gigantic region of  empty  space  in  maps  created  by  NASA's 17 
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Wilkinson  Microwave  Anisotropy  Probe 

the early universe spewing out insane amounts (WMAP)  satellite,  which  scanned  in  exquisite of radiation. This one, known as TON 618, has detail the cosmic microwave background, or the an estimated mass of 66 bil ion suns, according leftover radiation from the Big Bang. The spot, to a statement. 

which  spans  1.8  bil ion  light-years  across, according to Vice, is strangely devoid of stars, Largest galactic bubbles: Fermi 

gas, dust and even dark matter. While they have Bubbles 

seen previous voids, researchers remain baffled as  to  how  exactly  one  of  this  size  and  scale formed. 



Largest galaxy: IC 1101 



 Image credit: SARAO/Oxford 

In  2010,  astronomers  using  the  Fermi  space telescope  discovered  colossal  structures 



emerging  from  the Milky  Way.  These  massive Image credit: NASA/ESA/Hubble Space Telescope blobs,  which  can  only  be  seen  in  certain wavelengths of light, are a towering 25,000 light-Our Milky Way galaxy is around 100,000 light-years tal  (a quarter of the Milky Way's width). 

years across, but that's fairly average for a spiral Researchers believe the bubbles are the result of galaxy. In comparison, the largest known galaxy, an  ancient  feeding  frenzy  that  our  galaxy's called  IC  1101,  is  50  times  larger  and  about central  black  hole  experienced,  resulting  in 2,000  times  more  massive  than  our  galactic enormous belches of energy. 

home. Stretching for an impressive 5.5 million light-years,  IC  1101  is  so  big  that,  if  placed Largest single object: Protocluster 

where  the  Milky  Way  is  now,  its  edge  would SPT2349-56 

reach  past  our  nearest  galactic  neighbor, Andromeda. 



Largest black hole: TON 618 



 Image credit: ESO/M. Kornmesser 

Back when the universe was only a tenth of its current age, 14 galaxies began crashing together Image credit: NASA/JPL-Caltech 

and  forming  the  most  massive  known 

  

gravitational y 

bound 

cosmic 

object, 

Supermassive black holes are thought to lurk in protocluster SPT2349-56. Squeezed together in the  center  of every  galaxy  and  can  clock  in  at a space that's only about three times as big as many millions of times the mass of the sun. But our  Milky  Way  galaxy,  this  megamerger  wil the  biggest  known  black  hole  can  be  found eventual y combine into a single galaxy weighing powering a distant quasar — gigantic objects in 10 tril ion times the mass of the sun. Additional 18 
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observations  have  revealed  that  around  50 

Largest quasar collection: Huge-LQG 

additional  galaxies  surround  the  structure, which wil  settle into a gigantic object known as a galactic cluster, in which many galaxies orbit one another. 



Largest galactic collection: Shapley 

Supercluster 



 Image credit: ESA/Hubble & NASA 

The  distant  black-hole-powered  superbright objects  known  as  quasars  are  already  mighty large.  But  sometimes,  quasars  can  come 

together  into  clusters,  with  the  largest  one imaginatively named the Huge-LQG (for Huge 



 Image  credit:  ESA;  Planck  Col aboration/Rosat/Digitised  Sky Large  Quasar  Group).  Containing  73  quasars Survey 

and an estimated mass of 6.1 quintil ion (that's a 1  fol owed  by  18  zeros)  suns,  the  colossal Astronomer  Harlow  Shapley  discovered  a 

cosmic col ection is thought to be 4 bil ion light-colossal col ection of galaxies in the 1930s that years across at its biggest span, according to The now  bears  his  name.  Containing  more  than Atlantic. 

8,000 galaxies and with a mass of more than 10 



mil ion bil ion times that of the sun, the Shapley Largest thing in the universe: Hercules-Supercluster is the largest structure in the local Corona Borealis Great Wall 


universe,  according  to  the  European  Space Agency. 



Largest supercluster: Laniakea 

Supercluster 



 Image credit: ESO/L. Calçada 

By mapping the locations of gamma-ray bursts 

— fleeting but powerful explosions that occur when  a  massive  star  dies  —  astronomers Image credit: Andrew Z. Colvin/CC by SA 4.0 

uncovered  what  is  often  considered  to  be  the largest  known  entity  in  the  cosmos:  the Our  Milky  Way  is  just  a  tiny  member  of  a Hercules-Corona  Borealis  Great  Wal .  The gargantuan col ection of col ections of galaxies object is 10 bil ion light-years across and could known as the Laniakea Supercluster. Though it contain bil ions of galaxies. The Great Wal  was has no formal boundaries, astronomers estimate first  discovered  in  2013  when  surveys  showed that it contains around 100,000 galaxies with a gamma-rays particularly concentrated about 10 

total mass about 100 mil ion bil ion times that of the sun, and stretches for more than 520 mil ion light-years across. 



19 
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bil ion  light-years  away  in  the  direction  of  the Hercules and Corona Borealis constellations3. 



Scientists get to the bottom of 

a “spitting” Black Hole:  

Data  from  ESA’s  Integral  high-energy 

observatory  have  helped  shed  light  on  the workings  of  a  mysterious  black  hole  found 

  

spitting  out  ‘bul ets’  of  plasma  while  rotating Credit: ICRAR, Artist's impression of a black hole accretion disc. 

through space. 



  

A new study, based on data col ected during the The  black  hole  is  part  of  a  binary  system 2015  outburst,  has  now  revealed  the  inner known  as  V404  Cygni  and  is  sucking  in workings of this cosmic monster. The results are material from a companion star. It is located reported in the journal Nature. 

in  our  Milky  Way,  some  8.000  light-years away from Earth, and was first identified in 

“During the outburst we observed details of 1989,  when  it  caused  a  huge  outburst  of the jet emissions when material is ejected at high-energy radiation and material. 

a  very  high  speed  from  the  vicinity  of  the 

 

black  hole,”  says  Simone  Migliari,  an After 26 years of dormancy, it woke up again in astrophysicist at ESA who is a co-author on 2015, becoming for a short period of time the the paper. 

brightest object  in the  sky  observable  in high-

 

energy X-rays. 

“We  can  see  the  jets  shooting  out  in different  directions  on  a  timescale  of  less than  an  hour,  which  means  that  the  inner regions  of  the  system  are  rotating  quite fast.” 

Usualy  astronomers  see  the  jets  shooting straight  out  from  the  poles  of  black  holes, perpendicular  to  the  surrounding  disc  of material  that  is  accreted  from  the  companion star. 

Previously, there had only been one black hole observed  with  a  rotating  jet.  It  was,  however, rotating much slower, completing one cycle in about six months. 

 Credit: ICRAR  , Black hole accreting material from its companion star 

The astronomers could observe the V404 Cygni jets in radio waves using telescopes like those of Astronomers  from  al   over  the  world  pointed the Very Long Baseline Array in the US. 

their  ground  and  space-based  telescopes 



towards the celestial object, and discovered that Meanwhile,  high-energy  X-ray  data  from 

the  black  hole  was  behaving  somewhat 

Integral  and  other  space  observatories  helped strangely. 

them decode what was happening at the same 



time  inside  the  inner  region  of  the  10  mil ion kilometre-wide  accretion  disc.  This  was 



3  Adam Mann, Cosmic Record Holders: The 12 Biggest Objects in the Universe, livescience.com/largest-objects-in-universe.html 20 
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important since it is the mechanics of the disc  ESA’s Integral observatory is able to detect that causes the jet’s strange behaviour. 

gamma-ray  bursts,  the  most  energetic 



phenomena in the Universe. 

“What’s  different  in  V404  Cygni  is  that  we think the disc of material and the black hole are 

“The  X-ray  data  support  a  model  where  the misaligned,”  says  Associate  Professor  James inner  part  of  the  accretion  disc  is  tilted  with Mil er-Jones, from the International Centre for respect to the rest of the system, most likely due Radio Astronomy Research (ICRAR) at Curtin 

to the spin of the black hole being inclined with University, Australia, who is the lead author of respect  to  the  orbit  of  the  companion  star,” 

the new paper. 

explains Simone. 

Scientists have been studying what caused this strange misalignment. One possibility is that the black hole spin axis may have been tilted by the 

‘kick’ received during the supernova explosion that created it. 

“The results would fit in a scenario, also studied in  recent  computer  simulations,  where  the accretion flow in the vicinity of the black hole and the jets can rotate together,” says Erik. 





“We  should  expect  similar  dynamics  in  any Credit:  ESA/Medialab,  ESA’s  Integral  observatory  is  able  to strongly-accreting  black  hole  whose  spin  is detect  gamma-ray  bursts,  the  most  energetic  phenomena  in  the misaligned with the inflowing gas, and we wil Universe. 



have to take into account varying jet inclination During  the  outburst,  a  large  amount  of  the angles when interpreting observations of black surrounding material was falling into the black holes across the Universe. 4” 

hole  at  once,  temporarily  increasing  the accretion rate of disc material towards the black Nasa Says it found Building 

hole and resulting in a sudden surge of energy. 

This was seen by Integral as an abrupt increase Blocks of Life in Fallen 

of the X-ray emission. 

Meteorites: 





Integral’s observations were used to estimate the energy and geometry of the accretion onto the black  hole,  which  in  turn  were  crucial  to understand the link between the incoming and outflowing material to create a complete picture of the situation. 

 

Integral high-energy observatory 

 “With  Integral,  we  were  able  to  keep looking at V404 Cygni continuously for four Credit: Image Via Pixabay/Victor Tangermann weeks,  while  other  high-energy  satellites could  only  take  shorter  snapshots,”  says A  team  of  scientists  says  it’s  found  sugar Erik Kuulkers, Integral Project Scientist at molecules — crucial to the development of life ESA. 

on Earth — in two different fal en meteorites. 

 

 



4  Scientists get to the bottom of a ‘spitting’ black hole, 04/29/2019, Nature.esa.int/Our_Activities/Space_Science/Scientists_get_to_the_bot European Space Agency, by J. C. A. Mil er-Jones et al is published in tom_of_a_spitting_black_hole 
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Raining Down 

A

The discovery suggests that meteor impacts re Brown Dwarfs failed Stars 

may have delivered the sugars to Earth, per or Super-Planets? 

a NASA press release. One of the sugars is the RNA component ribose, a key biological Heidelberg astronomers find first signs they can building block, and the discovery that it may also form like a planet. 

have  come  from  space  complicates  our understanding of how life emerged. 



Eliminating Alternatives 

The scientists, who hail from NASA and a trio of  Japanese  universities,  took  extra  steps  to make  sure  they  didn’t  just  contaminate  their samples.  But  the  carbon  atoms  found  in  the meteorites’ sugar molecules were different from those general y found on Earth, according to the research,  which  was  published  Monday  in  the journal PNAS. 

The team hopes to double check by searching 

for ribose in pristine samples from space rocks, like those taken from the asteroid Ryugu that are Credit: NASA/JPL-Caltech, Artist rendering of a brown dwarf. 

currently en route to Earth. 

 They are more massive and hotter than planets but lack the nuclear 

 

 fusion in their core as in normal stars. Two such “failed” stars were Genetic Precursor 

 detected orbiting the star ν Ophiuchi. They were probably formed in The scientists  didn’t find the sugars that make the earlier protoplanetary disk of the star. 

up  DNA,  but  ribose  is  a  key  component  to RNA,  which  may  have  developed  first  in Brown dwarfs fil  the “gap” between stars and evolutionary history. 

the  much  smal er  planets  – two  very  different types  of  astronomical  objects.  But  how  they originate  has  yet  to  be  ful y  explained. 

Astronomers  from  Heidelberg  University  may now  be  able  to  answer  that  question.  They discovered that the star ν Ophiuchi in the Milky Way  is  being  orbited  by  two  brown  dwarfs, which in al  probability formed along with the star from a gas and dust disk, just as planets do. 

 Credit: (Trifonov_Evgeniy/iStock) 

The  research  results  were  published  in 



“Astronomy & Astrophysics”. 

 “The  research  provides  the  first  direct evidence of ribose in space and the delivery Brown dwarfs orbit either one star or travel of  the  sugar  to  Earth,”  lead  researcher Yoshihiro  Furukawa  of  Tohoku  University in isolation in the vast expanse of the Milky Way. Their mass – they are at least 13 times said  in  the  NASA  release.  “The 

heavier than the planet Jupiter – is sufficient extraterrestrial 

sugar 

might 

have 

to generate, at least temporarily, energy in contributed to the formation of RNA on the prebiotic  Earth  which  possibly  led  to  the their core through nuclear fusion. They are not sufficiently massive, however, to ignite origin of life.  5” 

hydrogen in their cores and hence to create their  own  light.  The  heat they  continue  to 5  Dan Robitzski, NASA says it found building blocks of life in fallen meteorites, futurism.com/the-byte/nasa-building-blocks-life-fallen-meteorites 
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radiate after formation is how astronomers to  the  existence  of  the  outer  brown  dwarf, are able to locate them. It is estimated that which has exactly six times the circulation time. 

up  to  100  billion  brown  dwarfs  make  their home  in  the  Milky  Way.  Yet  it  remains The Heidelberg team noticed a certain pattern unclear  how  they  form  –  whether  they  are in the measurements, similar to those caused by 

“failed”  stars  or  possibly  even  super-orbiting planets or binary stars, which is usual y planets. 


nothing out of the ordinary. But in this case, in-

 

depth  analysis  of  the  data  revealed  something extraordinary:  apparently,  ν  Ophiuchi  is  being orbited  by  two  brown  dwarfs  with  an  orbital period  of  approximately  530  and  3,185  days, which puts them in a 6:1 resonant configuration. 

So, the brown dwarf closest to ν Ophiuchi orbits its star exactly six times while the other, more distant brown dwarf completes only one orbit. 

This discovery sheds completely new light on the evolution of brown dwarfs. Do they develop  exclusively  like  normal  stars  in Credit:  spitzer.caltech.edu.  This  il ustration  depicts  a  newly interstellar clouds, or can they also form in discovered brown dwarf, an object that weighs in somewhere between the so-called protoplanetary disk of gas and our  solar  system's  most  massive  planet  (Jupiter)  and  the  least-dust  that  surrounds  the  parent  star  in  the massive-known star. 


early  phase  of  its  formation?  “The  6:1 



resonance is a strong indication for the latter The recent discoveries made at the Centre for scenario,”  explains  Prof.  Quirrenbach. 

Astronomy  of  Heidelberg  University  (ZAH) 

“Only  then  could  the  orbits  of  the  newly could  provide  an  answer.  Prof.  Dr  Andreas developing brown dwarfs adjust to a stable Quirrenbach  and  his  team  at  the  Königstuhl resonance over millions of years.” 

State  Observatory  of  the  ZAH  analysed  the variations  in  radial  velocity  of  the  star  ν 

That is what the extensive dynamic analyses for Ophiuchi.  Using  telescopes  in  the  USA  and possible  configurations  of  the  ν  Ophiuchi Japan,  the  Heidelberg  astronomers  and  others system  suggest,  reports  the  researcher.  This measured the velocity of the star for 11 years. 

superplanetary system is the first of its kind as The star has a mass slightly greater than two and well as the first sure sign that brown dwarfs can half  times  that  of  the  Sun,  and  is  located form  in  a  protoplanetary  disk,  Prof. 

approximately 150 light years from Earth in the Quirrenbach  stresses.  The  researcher  and  his constellation Ophiuchus. 

team hope for other such discoveries that may one day al ow them to clarify how many of the Periodic  variations  of  the  radial  velocity  of  ν 

“failed” stars are actual y more massive siblings Ophiuchi  over  a  period  of  about  ten  years of Jupiter and Saturn6. 

caused  by  two  circulating  brown  dwarfs.  The blue,  green  and  red  data  points  come  from telescopes in California, Japan and Chile. 

NASA's Cassini Reveals 



Surprises with Titan's Lakes: 

The  regular  movement  in  the  rhythm  of 

approximately 530 days is caused by the inner brown  dwarf.  At  the  third  and  ninth  time  a On  its  final  flyby  of  Saturn's  largest  moon, particularly high speed is reached – this points NASA's Cassini spacecraft gathered radar data revealing  that  the  smal   liquid  lakes  in  Titan's 6  Jürgen Albers, Are Brown Dwarfs Failed Stars Or Super-Uni-heidelberg.de, www.uni-

 Planets? 

 heidelberg.de/presse/news2019/pm20190409_are-brown-dwarfs-failed-stars-or-super-planets.html 23 
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northern  hemisphere  are  surprisingly  deep, data  measured  Ontario  Lacus,  the  only  major perched atop hil s and fil ed with methane. 

lake in Titan's southern hemisphere. There they A global mosaic of the surface of Titan, thanks to the infrared eyes found  a  roughly  equal  mix  of  methane  and of  the  Cassini  spacecraft.  Image  Credit:  NASA/JPL-ethane. Ethane is slightly heavier than methane, Caltech/University of Nantes/University of Arizona with  more  carbon  and  hydrogen  atoms  in  its The  new  findings,  published  in  Nature 


makeup 

Astronomy,  are  the  first  confirmation  of  just 

  

how deep some of Titan's lakes are (more than 

"Every  time  we  make  discoveries  on  Titan, 300  feet,  or  100  meters)  and  of  their Titan becomes more and more mysterious," said composition.  They  provide  new  information lead  author  Marco  Mastrogiuseppe,  Cassini about  the  way  liquid  methane  rains  on, radar scientist at Caltech in Pasadena, California. 

evaporates from and seeps into Titan - the only 

"But  these  new  measurements  help  give  an planetary body  in  our  solar  system  other  than answer to a few key questions. We can actual y Earth known to have stable liquid on its surface. 

now better understand the hydrology of Titan." 





Scientists  have  known  that  Titan's 

Adding to the oddities of Titan, with its Earth-hydrologic cycle works similarly to Earth's - 

like  features  carved  by  exotic  materials,  is  the with one major difference. Instead of water fact  that  the  hydrology  on  one  side  of  the evaporating from seas, forming clouds and northern  hemisphere  is  completely  different rain,  Titan  does  it  all  with  methane  and than the that of other side, said Cassini scientist ethane.  We  tend  to  think  of  these 

and  co-author  Jonathan  Lunine  of  Cornell hydrocarbons  as  a  gas  on  Earth,  unless University in Ithaca, New York. 

they're pressurized in a tank. But Titan is so cold  that  they  behave  as  liquids,  like 

"It  is  as  if  you  looked  down  on  the  Earth's gasoline at room temperature on our planet. 

North Pole and could see that North America 



had  completely  different  geologic  setting  for Scientists  have  known  that  the  much  larger bodies of liquid than Asia does," Lunine said. 

northern  seas  are  fil ed  with  methane,  but finding the smal er northern lakes fil ed mostly On the eastern side of Titan, there are big with methane was a surprise. Previously, Cassini seas  with  low  elevation,  canyons  and islands.  On  the  western  side:  small  lakes. 
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And the new measurements show the lakes 

detritus while neighboring stars burst to life perched  atop  big  hills  and  plateaus.  The and subsequently explode. 

new  radar  measurements  confirm  earlier 

 

findings  that  the  lakes  are  far  above  sea level,  but  they  conjure  a  new  image  of landforms  - like mesas or buttes - sticking hundreds  of  feet  above  the  surrounding landscape, with deep liquid lakes on top. 

 



 Credit: Galactic chimneys (yel ow-orange areas) are centered on the supermassive black hole at the center of our galaxy. (This is a false-color image; white patches indicate spots where unrelated, bright X-ray  sources  have been  removed  from  the image.)  Credit:  Gabriele Ponti/MPE/INAF and Mark Morris/UCLA 





 Credit : NASA/JPL-Caltech/Univ. Arizona/Univ. Idaho Now, an international team of astronomers has The fact that these western lakes are smal  - just discovered  two  exhaust  channels—dubbed 

tens  of  miles  across  -  but  very  deep  also  tells 

"galactic  center  chimneys"—that  appear  to scientists  something  new  about  their  geology: funnel matter and energy away from the cosmic It's the best evidence yet that they likely formed fireworks  in  the  Milky  Way's  center,  about when the surrounding bedrock of ice and solid 28,000 light-years from Earth. 

organics chemically dissolved and col apsed. On Earth, similar water lakes are known as karstic Mark Morris, a UCLA professor of astronomy 

lakes.  Occurring  in  in  areas  like  Germany, and  astrophysics,  contributed  to  the  research, Croatia and the United States, they form when which wil  be published in the journal Nature. 

water dissolves limestone bedrock7. 





"We  hypothesize  that  these  chimneys  are G

exhaust vents for all the energy released at iant X-ray 'chimneys' are 

the center of the galaxy," Morris said. 

exhaust vents for vast energies 

  All galaxies are giant star-forming factories, produced at Milky Way's center: 

but their productivity can vary widely—from 

 

one  galaxy  to  the  next  and  even  over  the The  center  of  our  galaxy  is  a  frenzy  of course  of  each  galaxy's  lifetime.  One activity.  A  behemoth  black  hole  4  million mechanism  for  throttling  the  rate  of  star times  as  massive  as  the  sun  blasts  out production  is  the  fountain  of  matter  and energy  as  it  chows  down  on  interstellar energy  whipped  up  by  the  heavyweight black hole that lurks at a galaxy's center. 



7  NASA's Cassini Reveals Surprises with Titan's Lakes, 4/15/2019, NASA/JPL, nasa.gov/news/news.php?feature=7378 

25 





















SM@RT 



"Star  formation  determines  the  character  of  a could be the conduits through which high-galaxy," Morris said. "And that's something we speed particles get there. 


care  about  because  stars  produce  the  heavy elements  out  of  which  planets—and  life—are Understanding how energy makes its way from 

made." 

a galaxy's center to its outer limits could provide insights  into  why  some  galaxies  are  bursting with star formation whereas others are dormant. 



"In extreme cases, that fountain of energy can either trigger or shut off star formation in the galaxy," Morris said8. 



How did the Earth get its 

water? Asteroid sample gives a 



surprising answer: 

 Credit: An annotated impression of the two huge chimneys funneling energetic  particles  out  of  the  Milky  Way(Credit:  ESA/XMM-

  

 Newton/G. Ponti et al. 2019; ESA/Gaia/DPAC (Milky Way map), 

 CC BY-SA 3.0 IGO) 



To  better  understand  what  becomes  of  that outflow  of  energy,  Morris  and  his  col eagues pointed  the  European  Space  Agency's  XMM-Newton satellite, which detects cosmic X-rays, toward the center of the Milky Way. Because X-rays are emitted by extremely hot gas, they are 

  

especial y  useful  for  mapping  energetic 

 Itokawa. Credit: NASA/JPL 

environments in space. 





Water is essential for life on Earth and is one of In images they col ected from 2016 to 2018, the our  most  precious  natural  resources.  But researchers  found  two  plumes  of  X-rays—the considering how our planet  formed, it is quite galactic  center  chimneys—stretching  in 

surprising  how  much  water  we  stil   have.  The opposite directions from the central hub of the Earth aggregated from a cloud of gas and dust – 

galaxy. Each plume originates within about 160 

a protoplanetary disk – and was incandescently light-years of the  supermassive  black hole  and hot for the first few mil ion years. Its surface was spans over 500 light-years. 

kept  molten  by  impacts  from  comets  and asteroids. Earth's interior was also (and stil  is) The  chimneys  hook up to two  gargantuan kept  liquid  by  a  combination  of  gravitational structures  known  as  the  Fermi  bubbles, heating and the decay of radioactive isotopes cavities carved out of the gas that envelops the  galaxy.  The  bubbles,  which  are  filled That  means  that  if  there  were  any  initial with  high-speed  particles,  straddle  the water  (and  organic  compounds)  on  the center  of  the  galaxy  and  stretch  for  25,000 

Earth, it should have boiled off quickly. So light-years  in  either  direction.  Some how  come  there's  plenty  of  water  on  our astronomers suspect that the Fermi bubbles planet  today  –  where  did  it  actually  come are  relics  of  massive  eruptions  from  the from? A surprising new study, published in supermassive black hole, while others think Science  Advances,  suggests  that  a  type  of the  bubbles  are  blown  out  by  hordes  of asteroid  we  didn't  think  contained  very newly born stars. Either way, the chimneys much  water  could  be  responsible  – 



 8 Giant X-ray 'chimneys' are exhaust vents for vast energies x-ray-chimneys-exhaust-vents.html, Nature, UCLA, March 20, produced at Milky Way's center, phys.org/news/2019-03-giant-2019, University of California, Los Angeles 26 
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simultaneously demonstrating that the solar meaning  they  can  have  a  different  number  of system  is  probably  a  lot  wetter  than  had neutrons in their atomic nucleus (neutrons are previously been thought. 

particles that make up the nucleus together with protons).  The  researchers  looked  at  the Scientists have long debated exactly where the hydrogen isotopic composition of the water and Earth's water comes from. One theory suggests discovered  it  was  very  close  to  that  of  Earth, that  it  might  have  been  captured  from  the suggesting  the  water  on  Earth  has  the  same asteroids  and  comets  that  col ided  with  it. 

source as that of the Hayabusa grains. 

Another argues that water was always present in the  rocks  of  the  Earth's  mantle  and  was The  results  raise  several  interesting  questions, gradual y  released  to  the  surface  through the first of which is how so much water came to volcanoes. 

be  in  nominal y  anhydrous  minerals?  The authors suggest that, during their formation, the grains 

absorbed 

hydrogen 

from 

the 

protoplanetary  disk,  which,  at  the  high temperatures and pressures of the solar nebula, combined  with  oxygen  in  the  minerals  to produce water. 

But how does al this relate to Earth's water? 

The  researchers  speculate  that  fol owing  the grains' uptake of water from the protoplanetary disk, the minerals aggregated and stuck together to  form  pebbles  and  eventual y  larger  bodies 

 

such as asteroids. 

 Asteroids  known  as  ‘S-type’  contain  a  lot  more  water  than  we thought. Credit: Oliver Denker/Shuttestock If  this  mechanism  worked  for  asteroids,  it Thanks  to  the  Japanese  Hayabusa  mission  we could also hold true for the Earth – maybe now  have  fresh  evidence.  The  spacecraft its original water came from these minerals brought  back  a  precious  cargo  of  grains coming  together  to  help  form  the  Earth. 

retrieved  from  the  surface  of  asteroid  25143 

While water was then lost during the Earth's Itokawa  in  2010.  The  researchers  behind  the early  history,  it  was  added  again  during new study were able to analyse the water content collisions by the numerous S-type asteroids of two grains. They used a sophisticated piece of 

–  as  implied  by  the  similarity  in  hydrogen kit called an ion microprobe, which bombards a isotopic  composition  between  Earth  and sample with a beam of ions (charged atoms) in Itokawa. 

order to probe the composition of its surface. 





The  results  were  surprising:  the  grains contained  up  to  1,000  parts  per  million  of water.  Knowing  the  composition  of 

Itokawa,  the  researchers  could  then 

estimate  the  water  content  of  the  entire asteroid,  which  translated  to  between  160 

and  510  parts  per  million  of  water.  This  is more  than  had  been  anticipated  –  remote Original morphology of the two studied Itokawa particles. Credit: measurements of two similar bodies (also S-Japan Aerospace Exploration Agency (JAXA), edited by Z. Jin type asteroids) found that one contained 30 




and the other 300 parts per million water. 

This fresh look at an old problem – the origin of  Earth's  water  –  has  produced  a  surprising Water is made from hydrogen and oxygen. But 

conclusion, one that suggests a large population those  elements  occur  as  different  isotopes  – 

of inner solar system asteroids might contain a 27 
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lot more water than had been realised. So while hydrogen, a crucial building block of stars and there  is  water  everywhere  in  the  solar  system, the entire universe. (White dwarf stars, by their the  fact  that  it  is  hidden  away  inside  minerals nature, have already burned through their own means that there is not always a drop to drink9. 

hydrogen  and  so  would  not  be  a  source  of hydrogen in a supernova.) 



 

Supernova  observation  first  of  But until this TESS-based observation of a supernova,  astronomers  had  never  seen its kind using NASA satellite: 

those  hydrogen  traces  in  the  explosion's aftermath: This supernova is the first of its When  NASA's  Transiting  Exoplanet  Survey 

type  in  which  astronomers  have  measured Satellite launched into space in April 2018, it did hydrogen. That hydrogen, first reported by so with a specific goal: to search the universe for a  team  from  the  Observatories  of  the new planets. 

Carnegie  Institution  for  Science,  could change  the  nature  of  what  astronomers know about white dwarf supernovae. 

"The most interesting thing about this particular supernova is the hydrogen we saw in its spectra (the  elements  the  explosion  leaves  behind)," 

Val ely said. "We've been looking for hydrogen and  helium  in  the  spectra  of  this  type  of supernova  for  years—those  elements  help  us Credit: CC0 Public Domain 

  

understand  what  caused  the  supernova  in  the But in recently published research, a team first place." 

of astronomers at The Ohio State University showed  that the survey,  nicknamed  TESS, The hydrogen could mean that the white dwarf could  also  be used  to  monitor  a particular consumed  a  nearby  star.  In  that  scenario,  the type  of  supernova,  giving  scientists  more second star would be a normal star in the middle clues about what causes white dwarf stars to of its lifespan—not a second white dwarf. But explode—and  about  the  elements  those 

when  astronomers  measured  the  light  curve explosions leave behind. 

from  this  supernova,  the  curve  indicated  that the second star was in fact a second white dwarf. 

Their research, detailed in the Monthly Notices So where did the hydrogen come from? 

of  the  Royal  Astronomical  Society,  represents the  first  published  findings  about  a  supernova observed using TESS, and add new insights to long-held  theories  about  the  elements  left behind after a white dwarf star explodes into a supernova. 

 

Those elements have long troubled 

astronomers. 

A white dwarf explodes into a specific type of supernova,  a  1a,  after  gathering  mass  from  a nearby companion star and growing too big to remain stable, astronomers believe. But if that is Image  credit:  ESA/Hubble  &  NASA,  D.  Crenshaw  and  O. 

true,  then  the  explosion  should,  astronomers Fox 

have theorized, leave behind trace elements of 9  Monica Grady, The Conversation, 05/02/2019, How did the Earth get its water? Asteroid sample gives a surprising answer, phys.org/news/2019-05-earth-asteroid-sample.html 28 
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Professor of  Astronomy  Kris  Stanek,  Val ely's the data suggested something astronomers had adviser  at  Ohio  State  and  a  co-author  on  this already suspected.  

paper, said it is possible that the hydrogen came from  a  companion  star—a  standard,  regular star—but  he  thinks  it  is  more  likely  that  the hydrogen came from a third star that happened to be near the exploding white dwarf and was consumed in the supernova by chance. 

"We  would  think  that  because  we  see  this Credit: (ESO/L. Calçada/M. Kornmesser 

hydrogen,  it  means  that  the  white  dwarf 

  

consumed  a  second  star  and  exploded,  but Namely,  these  energetic  events  produce based  on  the  light  curve  we  saw  from  this heavier  metals  such  as  gold,  uranium  and supernova, that might not be true," Stanek said. 

platinum. 

  



"Based on the light curve, the most likely thing But  although  spectral  analysis  of  the  merger, that happened,  we  think,  is  that  the hydrogen GW  170817,  showed  absorption  features 

might  be  coming  from  a  third  star  in  the consistent  with  the  production  of  heavy system,"  Stanek  added.  "So  the  prevailing elements,  actual y  positively  identifying  one scenario, at least at Ohio State right now, is that proved a little more tricky, due to the complexity the  way to  make  a  Type  Ia  (pronounced  1-A) of the spectra, and our limited understanding of supernova  is  by  having  two  white  dwarf  stars neutron star merger kilonovas. 

interacting—col iding  even.  But  also  having  a third star that provides the hydrogen10." 

Now, an international team of astronomers has re-analysed the spectra taken by the X-Shooter instrument  on  the  Very  Large  Telescope,  and For The First Time, a Heavy 

found  absorption  features  associated  with strontium. 

Element Has Been Detected 



Forming in a Neutron Star 

"This is the final stage of a decades-long chase Merger: 

to  pin  down  the  origin  of  the  elements,"  said astrophysicist Darach Watson of the University of Copenhagen, Denmark. 

When two neutron stars crash into each other, they  don't  just  spark  fireworks.  The  intense dynamics  of  the  kilonova  also  produce  heavy elements,  seeding  them  throughout  the 

Universe. Now, for the first time, astronomers have  identified  a  newly  formed  element  in  a neutron star kilonova. 

The element is strontium, and its detection confirms  the  notion  that  neutron  star Credit: Il ustration: CXC/M. Weiss; X-ray: collisions  really  do  provide  the  conditions NASA/CXC/Trinity University/D.  Pooley et al. 

for creating elements heavier than iron. 

  

 

"We  know  now  that  the  processes  that In August of 2017, when humanity captured our created  the  elements  happened  mostly  in first  col ision  of  neutron  stars  through  a ordinary  stars,  in  supernova  explosions,  or combination of luck, ingenuity and enthusiasm, in  the  outer  layers  of  old  stars.  But,  until now,  we  did  not  know  the  location  of  the 10  Supernova observation first of its kind using NASA satel ite, Phys.org/news/2019-07-supernova-kind-nasa-satel ite.html 29 
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final, undiscovered process, known as rapid be more certain than ever that these explosions neutron  capture,  that  created  the  heavier really can produce the r-process. 

elements in the periodic table." 



 

"This  is  the  first  time  that  we  can  directly We know that, in the very earliest days of the associate  newly  created  material  formed  via Universe,  the  lightest  elements,  hydrogen  and neutron  capture  with  a  neutron  star  merger," 

helium,  formed  relatively  quickly.  For  a  while, said  astronomer  Camil a  Juul  Hansen  of  the that's  pretty  much  al   there  was,  until  gravity Max  Planck  Institute  for  Astronomy, 

started to pul  matter together to create stars. 

"confirming  that  neutron  stars  are  made  of 

 

neutrons  and  tying  the  long-debated  rapid In  their  cores,  these  stars  fused  hydrogen neutron capture process to such mergers.11" The into helium, then helium into carbon, and so research has been published in Nature. 

forth,  with  the  more  massive  stars  able  to fuse nuclei all the way up to iron. But iron - 



the  26th  element  on  the  periodic  table  -  is I

where  it  stops,  since  no  energy  can  be n a Distant Galaxy, Colliding 

extracted from its fusion. 

Exoplanets Are Upending What 



We Knew About Solar System 

To  ramp  things  up  from  there,  we need  rapid neutron-capture process, or r-process. A really Formation: 

energetic  explosion  can  generate  a  series  of nuclear reactions in which atomic nuclei col ide Looks  like  planets  can  smash  into  each  other with  neutrons  to  synthesise  elements  heavier much  later  in  life  than  astronomers  thought. 

than iron. 

Solar systems form in a school of hard knocks. 

The reactions need to happen quickly enough 

that radioactive decay doesn't have a chance to occur  before  more  neutrons  are  added  to  the nucleus. This means it needs to happen where there are a lot of free neutrons floating about - 

like a supernova at the end of a massive star's life, or the kilonova that is produced by col iding neutron stars. 

And  GW  170817  sure  was  explosive.  It 

produced a shell of material expanding outwards at  20  to  30  percent  of the  speed  of  light,  and most  of  that  material  is  thought  to  consist  of Astronomers are pretty sure they're witnessing the aftermath of two large exoplanets smashing into each other in a distant, binary solar newly formed elements. 

 system  (il ustrated  here).(Image:  ©  NASA/SOFIA/Lynette Cook) 

Elements  can  absorb  specific  wavelengths  of 

  

light, so when scientists look at the wavelength Take  ours,  for  example:  Earth  had  barely spectrum, they can see what wavelengths have cooled  4.5  billion  years  ago  when  it  got been absorbed and by how much, and connect 

slapped in the face by a renegade Mars-size those up to specific elements. "We actual y came rock, reducing both bodies to giant balls of up  with  the  idea  that  we  might  be  seeing lava. Scientists believe this cosmic collision strontium  quite  quickly  after  the  event," 

spewed  so  much  debris  into the  air  that  it explained  astrophysicist  Jonatan  Selsing  of  the eventually coalesced into Earth's moon — a University of Copenhagen. It means we can now beautiful partnership born from chaos. 



11  Michel e Starr, For The First Time, a Heavy Element Has sciencealert.com/for-the-first-time-a-heavy-element-has-been-Been Detected Forming in a Neutron Star Merger, detected-forming-in-a-neutron-star-merger 30 
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Col isions like these are common in young solar Ten years ago, when astronomers first detected systems,  but  become  much  rarer  as  time  rol s traces of the exoplanet col ision in BD +20 307 

on:  Large  planets  fal   into  line  and  host  stars 10, they were surprised to find a cloud of dust either swal ow or blow away smal er chunks of that  appeared  much  warmer  than  a  far-out debris.  Now,  NASA  astronomers  think  they asteroid belt should be — up to 10 times hotter may  be  witnessing  a  violent  exception  to  that than  the  Kuiper  Belt.  That  finding  suggested pattern in a solar system far, far away. 

that the cloud wasn't just part of an asteroid belt, but  the  remnants  of  a  relatively  recent, In  the  star  system  BD  +20  307  —  a  binary smashingly  violent  and  energetic  event  —  a system roughly 300 light-years from Earth — it cosmic col ision. 

appears  that  two  Earth-like  exoplanets  have crashed into each other, erupting in a hot cloud A decade later, Weinberger and her col eagues of  dust  and  debris  that's  visible  to  infrared used  observations  from  a  satellite  called  the telescopes. At more than 1 bil ion years old, the Stratospheric 

Observatory 

for 

Infrared 

solar system being observed is ful y mature, but Astronomy  (SOFIA)  to  check  in  on  the 

according to conventional wisdom, that means embattled  star  system.  In  their  recent  study it should not host planetary smashups like this (published  in  The  Astrophysical  Journal),  the one.  This  never-before-seen  type  of  col ision researchers found that the infrared brightness of suggests that solar systems, like people, can stil the cloud had increased by about 10%, meaning struggle to pul  themselves together late in life. 

there  was  significantly  more  warm  dust  in  the system than there was just a decade ago. 

"This is a rare opportunity to study catastrophic col isions occurring late in a planetary system's According  to  the  researchers,  this  is  further history," Alycia Weinberger, a staff  scientist at evidence  that  the  exoplanet  crash  occurred the  Carnegie  Institution  for  Science  in relatively  recently  (likely  within  the  past  few Washington, D.C., and author of a recent paper hundred thousand years), and the aftermath is on the col ision, said in a statement. 

actively playing out before our telescope lenses, 

 

possibly resulting in an ongoing series of smal er A cosmic dust-up 

col isions  that  continue  spraying  the  solar Clouds  of  dust  are  ubiquitous  in  space. 

system with more warm dust. If that's the case, Planets  form  when  the  dust  particles it means planetary col isions could occur much floating around young stars clump together later  in  a  solar  system's  lifetime  than  was and grow over millions of years into large, previously thought possible12. 

gravitationally  dense  objects.  By  the  time planets settle into their orbits around a star, E

much  of  the  smaller  particles  of  dust  and SO Telescope Reveals What 

debris in the environment have either been Could be the Smallest Dwarf 

pulled into the star as fuel, or swept away by solar  winds  into  a  ring  of  schmutz  on  the Planet Yet in the Solar System: 

solar system's cold outer edges. 

 

 

As  an  object  in  the  main  asteroid  belt, Our  solar  system's  frigid  Kuiper  Belt,  which Hygiea satisfies right away three of the four stretches  for  hundreds  of  mil ions  of  miles requirements  to  be  classified  as  a  dwarf beyond  the  orbit  of  Neptune  and  contains planet: it orbits around the Sun, it is not a thousands of rocky objects (including the dwarf moon and, unlike a planet, it has not cleared planet  Pluto),  is  a  prime  example  of this.  The the neighborhood around its orbit. The final dust,  asteroids  and  planetoids  out  there  are requirement is that it has enough mass for extremely  cold,  due  to their  distance  from  the its  own  gravity  to  pull  it  into  a  roughly sun. 

spherical  shape.  This  is  what  VLT 



12  Brandon Spektor, In a Distant Galaxy, Col iding Exoplanets Are Upending What We Knew About Solar System Formation, Livescience.com/exoplanet-smash.html 
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observations  have  now  revealed  about 

report  in  the  study  published  today  in  Nature Hygiea. 

Astronomy. Hygiea is the main member of one 



of  the  largest  asteroid  families,  with  close  to 7,000 members that al  originated from the same parent  body.  Astronomers  expected  the  event that  led  to  the  formation  of  this  numerous family to have left a large, deep mark on Hygiea. 



“This result came as a real surprise as we were expecting the presence of a large impact basin, as  is  the  case  on  Vesta,”  says  Vernazza. 

Although  the  astronomers  observed  Hygiea’s surface  with  a  95%  coverage,  they  could  only identify two unambiguous craters. “Neither of Astronomers  using  ESO’s  SPHERE  instrument  at  the  Very these two craters could have been caused by the Large Telescope (VLT) have revealed that the asteroid Hygiea could impact  that  originated  the  Hygiea  family  of be classified as a dwarf planet. 

asteroids whose volume is comparable to that of a  100  km-sized  object.  They  are  too  smal ,” 

“Thanks  to  the  unique  capability  of  the explains study co-author Miroslav Brož of the SPHERE instrument on the VLT, which is one 

Astronomical Institute of Charles University in of  the  most  powerful  imaging  systems  in  the Prague, Czech Republic. 

world, we could resolve Hygiea’s shape, which turns  out  to  be  nearly  spherical,”  says  lead The team decided to investigate further. Using researcher  Pierre  Vernazza  from  the 

numerical  simulations,  they  deduced  that Laboratoire  d'Astrophysique  de  Marseil e  in Hygiea’s  spherical  shape  and  large  family  of France. “Thanks to these images, Hygiea may be asteroids are likely the result of a major head-on reclassified as a dwarf planet, so far the smal est col ision  with  a  large  projectile  of  diameter in the Solar System.” 

between 75 and 150 km. Their simulations show this  violent  impact,  thought  to  have  occurred about 2 bil ion years ago, completely shattered the  parent  body.  Once  the  left-over  pieces reassembled, they gave Hygiea its round shape and thousands of companion asteroids. “Such a col ision  between  two  large  bodies  in  the asteroid  belt  is  unique  in  the  last  3–4  bil ion years,” says Pavel Ševeček, a PhD student at the Credit: Enciclopedia Universo 

Astronomical  Institute  of  Charles  University 

  

who also participated in the study13. 

The  team  also  used  the  SPHERE 

 

observations  to  constrain  Hygiea’s  size, 

 

putting  its  diameter  at  just  over  430  km. 

3.5 Million Years Ago, Our 

Pluto, the most famous of dwarf planets, has a diameter close to 2,400 km, while Ceres is Galaxy Was Rocked by an 

close to 950 km in size. 

Explosion: 

 

 

Surprisingly, the observations also revealed that And it could happen again. 

Hygiea  lacks  the  very  large  impact  crater  that Roughly  3.5  mil ion  years  ago,  the  sky  turned scientists expected to see on its surface, the team into a massive flare of bubbling gas shining out 13  ESO Telescope Reveals What Could be the Smallest Dwarf Planet Yet in the Solar System, 

 eso.org/public/news/eso1918/?lang 
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of the galaxy’s center — a true spectacle for the early ancestors of modern humans. And there’s a chance we could catch the next event with our own eyes. 
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