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IN THE 
BEGINING… 

 



BIG	  	  BANG	  THEORY	  
(BBT)	  

Hubble,	  	  1929:	  ,	  
Doppler	  shi?	  
of	  light	  from	  far	  away	  
galaxies:	  Universe	  is	  
expanding.	  
	  
1965	  Penzias	  and	  
Wilson:	  CMB	  
Predicted	  1948,	  
Alpher	  &	  Hermann	  



•  Big	  Bang:	  1.37	  x	  1010	  y	  ago:	  Universe	  	  infinitely	  	  
	  	  	  	  	  	  hot,	  compact	  and	  dense.	  
	  

•  10-‐3	  0	  s	  :	  infla^on(1025),	  ultra-‐hot	  and	  dense	  
plasma	  of	  ma_er,	  an^ma_er,	  SS,	  (?)…	  

	  

•  10-‐6	  s:	  quarks	  and	  gluons	  combine:	  p´s	  and	  n´s	  
	  

•  100	  s:	  p´s	  and	  n´s	  combine:	  D,	  He,	  Li	  nuclei	  
	  

•  3.8x105y:	  p´s	  and	  e´s	  combine:	  H	  atoms,	  CMB	  

BBT	  	  UNIVERSE	  AGE	  AND	  EVOLUTION	  	  



ELEMENTARY	  PARTICLES	  IN	  AN	  ATOM	  



	  

•  108-‐109	  y:	  Stars	  and	  galaxies	  form	  
	  

• 	  	  	  	  	  9x109	  y:	  Solar	  System	  forms	  

CMB	  anisotropy	  	  	  (WMAP,	  2006)	  



Dark Matter 
  Galaxies rotate faster than predicted  

if they were composed only of ordinary matter 
(Rubin, 1950). 

It surrounds most galaxies in roughly spherical 
clouds. 

 

Spiral	  galaxy	  
M33	  



Dark Energy  
  1998-99, Supernova Cosmology Project 
& High-Z Supernova Search:  
The Universe expansion is 
accelerating, a “counter gravity 
effect”. 

 

Two  proposed explanations:    
Cosmological constant 

Quintessence 



COSMOLOGICAL	  CONSTANT	  
In	  the	  early	  Universe	  gravity	  dominated	  Dark	  Energy.	  	  	  104	  y	  a?er	  
the	  BB,	  the	  Universe	  expanded,	  gravity	  is	  less	  strong,	  Dark	  Energy	  

becomes	  more	  important..	  	  
The end of the Universe will depend on its total mass 

(mass+energy) to determine whether it is an Open, Flat 
or Closed Universe 



QUINTESSENCE	  
Dynamical	  Scalar	  field:	  Equa8on	  of	  state	  with	  	  
Poten8al	  and	  Kinetc	  terms.	  	  	  
Density	  closely	  tracks	  radia8on	  density	  un8l	  maCer-‐
radia8on	  equality	  which	  triggers	  quintessence	  as	  dark	  
energy.	  

	  



 UNIVERSE COMPOSITION 
	  

•  70%  DARK ENERGY 

•  30%  MATTER 
       -5%  common matter (quarks and leptons) 
       -25%  dark matter (unknown composition). 
 

With this composition we would have a flat 
Universe 



Heavy	  elements	  were	  synthe^zed	  in	  massive	  	  
star	  nuclei	  or	  Supernovae	  explosions	  



UNIVERSE	  ON	  A	  GRAND	  SCALE	  



There	  are	  less	  than	  	  1011	  	  	  galaxies	  



THE	  MILKY	  WAY,	  Our	  Galaxy	  
	  

	  A	  spiral	  galaxy	  surrounded	  by	  a	  few	  smaller	  galaxies	  	  like	  the	  
Magellan	  Clouds	  and	  Andromeda	  (at	  2x	  106	  	  LY)	  	  and	  a	  couple	  dozen	  
more	  form	  the	  Local	  Group.	  Andrómeda	  is	  es^mated	  to	  be	  90%	  Dark	  

Ma_er..	  



RELEVANT	  DATA	  OF	  THE	  MILKY	  WAY	  

•  Diameter:	  	  100–120	  ×103	  	  	  	  LY	  
•  Thickness:	  1	  ×103	  	  	  	  	  	  	  	  	  	  LY	  
•  Number	  of	  stars:	  1×1011	  
•  	  Oldest	  known	  star:	  13.2	  	  ×109	  Y	  
•  Mass:	  2×1011	  	  Solar	  massses	  
•  Distance	  of	  Sun	  to	  Galac8c	  Center:	  27	  ×103	  	  LY	  
•  Sun´s	  rotatonal	  period	  around	  Galac8c	  center:	  
200×106	  Y	  	  



STAR	  FORMATION	  
Dense	  Nebulae	  (Molecular	  Clouds)	  ;	  H2	  regions	  (90%)	  with	  9%	  He	  
Cold	  (10-‐30K)	  and	  dense	  regions	  (103-‐104	  cm-‐3)	  
If	  Cloud	  is	  dense	  enough,	  ini8ates	  a	  gravita8onal	  collapse	  (Jeans,1902)	  
Supernova	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Shock	  
Galac8c	  collisions	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Tidal	  forces	  

Eagle	  Nebulae	  
Pillars	  



T	  
Temperature	  

Color	  
convencional	  

Color	  
aparente2	  

3	  4	  

Mass	   Radio	   Luminosity	   Hidrógeno	   Fracción	  
de	  la	  

(kelvins)	   Solar	  	  Mass	   Solar	  Radii	   (bolométric)	   líneas	   Secuencia	  
principal5	  

O	  
≥	  33.000	  K	   azul	   azul	   ≥	  16	  M☉	   ≥	  6,6	  R☉	   ≥	  30.000	  L☉	  

Débil-‐
Media	   ~0.00003%	  

B	   10.000–
33.000	  K	  

azul	  a	  blanco	  
azulado	  

azul	  a	  
blanco	  
azulado	   2,1–16	  M☉	   1,8–6,6	  R☉	  

25–30.000	  
L☉	   Medio	   0,13%	  

A	   7.500–
10.000	  K	   blanco	  

blanco	  a	  
blanco	  
azulado	   1,4–2,1	  M☉	   1,4–1,8	  R☉	   5–25	  L☉	   Fuerte	   0,6%	  

F	  
6,000–7,500	  K	  

blanco	  
amarillento	   blanco	   1,04–1,4	  M☉	   1,15–1,4	  R☉	   1,5–5	  L☉	   Medio	   3%	  

G	  
5.200–6,000	  K	  amarillo	  

blanco	  
amarillent
o	   0,8–1,04	  M☉	  

0,96–1,15	  
R☉	   0,6–1,5	  L☉	   Débil	   7,6%	  

K	  
3.700–5.200	  K	  naranja	  

anaranjad
o	   0,45–0,8	  M☉	   0,7–0,96	  R☉	   0,08–0,6	  L☉	   Muy	  débil	   12,1%	  

M	  
≤	  3.700	  K	   rojo	  

rojo	  
anaranjad
o	   ≤	  0,45	  M☉	   ≤	  0,7	  R☉	   ≤	  0,08	  L☉	   Muy	  débil	   76,45%	  



EVOLUCIÓN	  
ESTELAR	  

Neutron	  Star:	  M>10	  SM;	  radius	  ~	  20Km,	  D>1000Ton/cm3,	  10-‐3	  Hz..	  
	  

Black	  Hole:	  106	  SM	  



INITIAL	  MASS	  (Solar)	   FINAL	  STAGE	  

M<	  0.01	   Planet	  

0.01<M<0.08	   Brown	  Dwarf	  

0.08<M<9	   White	  Dwarf	  

9<M<	  30	   Supernova+NeutronStar	  

30<M	   Black	  Hole	  





THE	  SUN,	  OUR	  STAR	  



Ra	  (Aton),	  	  
Egip^an	  Sun	  God	  

Akenaton,	  1353-‐1338,	  BC	  



MITRA	  
Persian	  Sun	  God,	  2000	  BC	  

Hindu	  and	  Roman	  
Cultures	  
adopted	  it	  too	  
	  
During	  the	  IV	  
century	  AD	  in	  Rome	  
the	  cult	  was	  as	  
important	  
as	  chris8anism	  





Kinich-‐Ahau,	  Mayan	  Sun	  God	  
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The Sun, our star

Surface temperature 5800 K
Rotation duration 27.25 days (synodic), at  equator,

25.38 days (sideric), at equator.
Age 4.60 billion years
Number of planets 9, plus many tiny ones
Next neighbor star Alpha-Centauri, at 4.37 lightyears
Next neighbor galaxy Magellan’s Clouds, at 165,000 lightyears
Earth’s distance variation +/- 1.69 %  (+ in July,  - in January)
Apparent diameter 31’ 59.3” = 1913.3 “ i.e. 0.5 degree
Apparent radius 959.65” i.e. 1000 arcsec
1 arcsec on sun, from Earth 725 km
Energy output 3.82 x 1033 Watt
Energy input into Earth 1,370 Watt/m-2

total 173 Mio Gigawatt

Name Sun
Parent galaxy Milky Way
Type fixed star
Spectral class G2
Magnitude + 4.8
Distance to Earth 149,598,000 km i.e., 1 AU 
Radius Rs 696,000 km i.e., 109 RE
Total  mass Ms 1.989 x 1030 kg i.e., 333.000 ME
Density (average) 1.409 g cm-3
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Ago.1987	 Jul.2004	

11 years	

X-‐Ray	  Solar	  Flare	  Frequency	  



37	  

TOTAL SOLAR IRRADIANCE 



 Solar Máximum  

  Solar Minimum   

X Rays  



Ca	  II	  (393.4nm,	  violet)	  

Hα	  (656.2nm,	  red)	  
Prominences	  





SOLAR FLARES 

White Light 

Hα 
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1973  

1980 

1991 

1994 

THE  SOLAR  CORONA 

It must be very hot, otherwise it wouldn´t be so extended 



47	  

TEMPERATURES IN THE SOLAR 
ATMOSPHERE 



HOW TO HEAT THE SOLAR CORONA? 

Types of waves potentially involved 
 
• sound waves, shock waves, 
• fast and slow magneto-acoustic (MHD) waves, 
• Large Amplitude Alfvén waves, 
• surface waves, 
• torsional Alfvén waves, 
• turbulence, 
• plasma waves 
  
Potential mechanisms leading to coronal heating 
 
• wave dissipation, 
• resonance absorption of waves (e.g., ion cyclotron resonance), 
• current sheets and their dissipation, 
• Ohmic heating by field-aligned currents, 
• micro- and nanoflares, 
• heating by spiculae, 
• magnetic reconnection, 
• heating by microturbulence (electrostatic waves), 
• heating by MHD turbulence (magnetic helicity). 
  
 Note: The coronal magnetic field plays the crucial role! 

Parker,	  1958	  





The corona of sun at beginning activity (1998), viewed by EIT and LASCO-C1/C2

The two states of corona and solar wind

Coronal holes
produce the
„fast wind“

Active regions and 
streamers let the 

„slow wind“ emerge
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THE ORIGIN 
OF THE  
HIGH SPEED 
SOLAR WIND 



Perihel passage

IMP 8

Solar wind speed
km/s

Heliographic
latitude

Heliographic longitude

Solar wind stream structure, seen nearly simultaneously from 1 AU and 
from 0.3 AU (IMP and Helios 1) in early 1975, associated with coronal hole 

structure. Note that Helios passed the northern boundary of the fast 
stream, while IMP at low latitude did not.

(Earth)

Latitudinal stream boundaries
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THE “BALLERINA SKIRT” 



54	  

The ballerina dancing through the solar 
cycle 

At activity maximum, the 
ballerina skirt flips over, 
and the magnetic polarity 
is then reversed at next 
minimum. The magnetic 
cycle of the 
sun (the “Hale-cycle”) 
takes 22 years! 

Minimum 

Minimum 

Maximum 
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THE HELIOSPRERE IN 3-D 
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CORONAL	  MASS	  EJECTIONS	  
	  

High	  spped	  streams	  in	  the	  solar	  
wind,	  	  

(Interplanetary	  shocks)	  
	  



THE END OF THE HELIOSPHERE 



RELACIONES	  SOL-‐TIERRA	  





Auroras	  









Solar observatories around the world 

Pic du Midi, French Alps, 3300m a.s.l. 

Bernhard Lyot  first saw the solar corona here with a coronograph  
1930s,   without an eclipse 



The world greatest Solar telescope 
  Kitt Peak, Tucson, Arizona,  

2700m a.s.l. 



 Radioheliograph at Nobeyama (Japan) 
1200m a.s.l. 



TheGerman-Argentine Observatory near  San Juan, Argentina,  
With a coronograph (MPAe) and a telescope, 2400m a.s.l. 



TNS	  
4600	  m	  a.s.l..	  





Solar	  ac^vity	  and	  C14	  

•  EVENT                                       DURATION                       MAGNITUDE 
•  Máximo Sumerio                           2720-2610  AC                       1.3 
•  Máximo Piramidal                         2370-2060  AC                       1.1 
•  Máximo de Stonehenge               1870-1720  AC                        1.3 
•  Mínimo Egipcio                              420-1260  AC                       -1.4 
•  Mínimo Homérico                          820-240   AC                         -2 
•  Mínimo Griego                               440-360   AC                         -2.1 
•  Máximo Romano                             20 AC-80 DC                        0.7      
•  Mínimo Medieval                            640-710   AC                        -0.7 
•  Máximo Medieval                         1120-1280  DC                        0.8 
•  Mínimo de Spoerer                      1418-1535  DC                       -1.1 
•  Mínimo de Maunder                     1645-1710   DC                      -1 
•  Mínimo de Dalton                         1795-1825   DC                      -0.8  
•  Máximo Moderno                         1900 en adelante                     1 



hCp://lasp.colorado.edu/home/science/solar-‐influences/	  



SUMMARY 
•  The Sun, Our Star is fundamental for life on 

Earth 

•  The Sun is an active star with an 11y activity 
cycle  and a 22y magnetic cycle. 

 

•  Solar Activity manifestations are manifold 
 

•  Solar Activity influenced climate in the past.  
 

•  Nowadays the influence of antropogenic activity 
is much more important 



MUCHAS	  GRACIAS	  

MUITO	  OBRIGADO	  


