Atoms to Astronomy

Mayank N Vahia

Tata Institute of Fundamental Research
Homi Bhabha Road, Mumbai 400 005

Atoms to Astronomy
vahia@tifr.res.in

How can we say so much about small twinkling
specks of light in the sky?

Atoms to Astronomy




We study the light that comes from the stars
and then try and decipher its meaning.

We look at how the light is divided
between various wavelengths

We look at how light intensity changes with
time
We correlate it to our understanding of

how matter behaves in our laboratories to
what we see from stars.
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Part 1. Physical processes
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This page was copied from k Strobel's Astronomy N S
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Interaction of Radiation
with matter
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Interaction of particles and
radiation with electric field and
nuclear field
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Light Polarisation
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H, (absorption)

Hydrogen

11Na doublet 0.6 nm apart

He Noble gas

10Ne Noble gas

Fe(absorption)

Fluorescent |amp Atoms to Astronomy

For normal incidence:

nl =d sin(q)
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Part 2. Application of Doppler Shift
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Super massive black hole in the
galaxy NGC4258

Quasi periodic oscillations of 0.01 to
500 Hz and direct evidence of BH

MCG-6-30-16 - 400 ks long XMM
observation Atoms to Astronomy




Redshift (z) is defined as z=D /I
zZ= 1+[(C+Vrec)/(c'v

Depth of Universe Visible (a)is a=(1+2)1
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Gravity dominated
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Part 3: Regularly Observing Stars
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Southern Sky

Northern Sky
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Difference in brightness can arise because:

a) The stars are at different distances: Correct by defining apparent and absolute Magnitude

b) Stars are of different intrinsic brightness: May be due to size (surface temperature, age)
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Structure of planets
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L

parcsec

For stars at an angle, an additional cos(f) factor has to be considered
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Variable Stars as distance indicators

The period-luminosity relation for Cepheids

Note the
logarithmic
scale for
the graph

Constant
luminosity
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Great Wall Super Cluster: Galaxies up to 250 million light years away. It measures 200 million by 600
million light years in area with a thickness of only 20 million light years. At 106 solar masses the Coma-
Hercules superclusters make up the bulk this wall. In the schematic below only part of the great wall--the
Coma supercluster--is visible. The Hercules cluster is not pictured in the schematic but it would be up

above and adjacent to the coma supercluster.
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INTENSITY
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INTENSITY
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Part 4: Multicolour Universe
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Simulation

of Sunspot

Magnetic
field
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Part 5: Life History of a Star
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1. Equation of Continuity dl\éllr(r) = 4027 (r)

2. Equation of Hydrostatic Equilibrium dzgr) =- GM (rrz)r (r)
: _— du(r) _,

3. Equation of Thermal Equilibrium e r)e(r)

4. Equation of Energy Transfer

If there is radiative equilibrium

If there is convective equilibrium —=-

e = amount of energy released per unit mass
k = Opacity, g =ratio of specific heats at constant pressureand constant volumg

a=4s /c wheres isthe Stephen Boltzmann constant =5.67 x10® W m? K™
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Some important time scales

. i —ti M L
Nuclear time scale — time £y - 10w SN years
for star to evolve

Thermal Time scale —
time for star to restore
equilibrium from
perturbation

Dynamical Time scale —
time scale to restore
hydrostatic equilibrium
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Variable Stars

Pulsating Stars -
« Cepheid Variables- Period of 1-70 days. Late type stars. Strict period-luminosity relation.
¢ RR Lyrae — Period of 30-100 days. Yellow Super-giants.
¢ Long-period Variables (LPVs)
— Mira type - Giant red variables. Periods ranging from 80 to 1000 days
— Semiregular - Periods of periods of: 30-1000 days.
— lrregular variables - Red giants, are pulsating variables.
— Rotating variables - Rotating stars with to dark spots.

Supernovae - Sudden, dramatic, final magnitude increase as result of stellar explosion
Novae - Thermonuclear fusion explosion
* Recurrent Novae
« Dwarf Novae - Close binary system made up of a Sun-like star, white dwarf, and accretion
disk surrounding the white dwarf
U Geminorum - Erupt for 5 to 20 days with long quiescence

Z Camelopardalis - Similar to U Gem except no well-defined quiescence and has “standstills” of
brightness

SU Ursae Majoris - Similar to U Gem except have short orbital periods of less than two hours and 2
bursts

Symbiotic Stars - Semiperiodic nova-like outbursts
R Coronae Borealis - Go into outburst by fading and then return to maximum brightness

Flare st Faint, cool, red, main-sequence stars that undergo intense outbursts from localized
areas of the surface. The result is an increase in brightness of two or more magnitudes in several
seconds, followed by a decrease to its normal minimum in about 10 to 20 minutes.
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Binary Stars

Eclipsing binaries
spectroscopic binaries
visual binaries
Detached binaries
Semidetached binaries
Interacting binaries

Cataclysmic Variables - One giant, and one white dwarf star
that leads to “outbursts” of activity

LMXB — compact objects with low mass companion
HMXB — compact objects with high mass companion
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Quasars and Microquasars
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Part 6:Heavy Elements in the Universe
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Maxwell’s
Electromagnetic
Theory

Abdul
Salam'’s
Electroweak
Theory
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Standarddarieto Astisriomyheory?

Theory of Vacuumy 1o
fluctuations???
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Synthesis of elements
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Limits to production of heavy elements in the Universe: The Binding energy curve
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Build up of elements
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Abundance of matter in the Universe

Log{Abusdance) relative bo S1as LD0

il (0 -1 il

Adormic muaws wwmber
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Accelerated of matter in the
Universe: Cosmic rays
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Acceleration
Processes
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Part 7: Galaxy
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Schematic of the very local interstellar medium
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Polarized synchrotron intensity (contours) and magnetic field orientation of NGC 6946
(obtained by rotating E-vectors by 90°). The lengths of the vectors are ortional to the
degree of polarization.
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Active Galactic Nuclel
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Part 8: Gamma Ray Bursts
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GRB 991216
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GRB location
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GRB Spectra
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Part 9: Story of the Universe

Atoms to Astronomy

74



Atoms to Astronomy

Atoms to Astronomy

75



Temperature anisotropy
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Power on different size
scales

T3] 1760
1/ angular separation 1
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The
earliest
galaxies
WEREVE

billion
years since
the birth of
the
Universe.

The
earliest
stars were
born 200
million
years after
the
Universe
was born!

153
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Rotational velocity (km/s)
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Distance from Centre
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\
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~ 2 billion yearsago
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Part 10: Planets around other stars
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Globules in Orion
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Gravitational micreo-lensing and Einstein Rings
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Planetary System of 47 Uma

55 Can
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55 Can

Planetary System with Gleiss 876
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Is there Life in the Universe
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What is life?

We find it easier to define life by what it is not!
We assume life does the following:
1) It consumes food

2) It reacts to its environment in a complex
manner

3) It grows
4) It reproduces

5) It produces a large number of chemical
reactions

Atoms to Astronomy
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How does life work?

In order to achieve this, the molecules of life
need a coherent environment

It requires long term stability
It requires the correct temperature
It requires correct mix of elements

How common it is, is a matter of opinion and
debate. Some even argue that you do not need
even planets for this but the conventional
wisdom is that we need planets

Atoms to Astronomy
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Long term habitability

Importance of Stable Sun

Importance of correct temperature range
Importance of Planet size

Importance of Moon

Importance of Jupiter and other outer
planets

Importance of isolation of the star
Importance of circular orbit and its tilt

Atoms to Astronomy
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Difficulties of Chemistry (We have never seen molecules with more than a

few atoms — except for a few carbon nanostructures) while even the simplest molecules of life
have a few hundred thousand atoms)

Difficulties of biology
— From molecular life to cellular life
— From cellular life to complex life form

Long term Sustenance of stable environment
Importance of water that has to come later
Importance of nitrogen

Importance of Ozone (oxygen is not available freely in nonliving planets)

Atoms to Astronomy 198
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Star Systems with Planets in Habitable zones
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Search for Intelligent life on
Habitable Planets

» Drake’s Equation

The probability of finding intelligent life is:
PI=IPIPSPRPNPAPAP

Where . .

P = Total probability given by:

P, = total number of stars in the galaxy (~10'?)

P, = percentage of stars that can have planets (~20%)

P, = percentage of star that actually have planets (~10%)

P,, = percentage of stars with habitable zones (~30%)

P, = percentage of planets where life has evolved

P, = percentage of planets that have intelligent life

P, =duration before which they emit detectable signals to earth
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The Kepler Mission

The scientific goal of the Kepler Mission is to explore the diversity of
planetary systems.:

Determine the frequency of terrestrial and larger planets in or near
the habitable zone of a wide variety of spectral types of stars;

Determine the distributions of sizes and semi-major axes of these
planets;

Estimate the frequency and orbital distributions of planets in
multiple-stellar systems;

Determine the distributions of semi-major axis, albedo, size, mass
and density of short-period giant planets;

Identify additional members of each photometrically discovered
planetary system using complementary techniques; and

Determine the properties of those stars that harbour planetary
systems.

The Mission is scheduled to be launched in October 2006
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