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Collection and analysis of information
= Photon characteristics

Photon properties Observing strategy

Energy, wavelength, frequency Spectral coverage
Earth atmospheric transmissivity
Choice of appropriate detector

Amount of received photons (flux) | Area of collectors (telescopes)

Intensity Detector sensitivity, photometry

Time dependent (t > 1/v) Spectral analysis
Temporal coherent Spectral resolution

Time dependent (t << 1/v) Time resolution
High-speed photometry

Spatial dependent (angular) mapping, imaging, spatial resolution

Spin Polarimetry
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= Observing system
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Line of sight

Field AL}
(solid angle)

Sidelobes
Collecting area A

Imaging device

Filter: spectral bandpass Av
Polariser

Detector
To preliminary reduction

and recording of signal




Photon flux collected at surface A =
(telescope’s objective)

Photons collected in a solid angle AQ ( )
Presence of parasitic side lobes ( )

Optical system: combination of mirrors and lenses =
concentrates incoming energy to form image in the
focal plane. AQ2 decomposed into picture element

each with solid angle element of ow

Selecting device that isolate particular frequency
domain Av of the arrived radiation =
determined by

Physical characteristics of optical system

Physical characteristics of detector
The use of filters
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Polarization of radiation can be observed using polarizer = split and
measure of incoming radiation

Arriving electromagnetic signal = by detector or receiver onto
physical quantity that can be measured (electric current, voltage,
photochemicals) and stored.

Detector supporting system: Electronic devices that form data acquisition
system to analyze and record signal

Spectral coverage

y-ray X-ray uv Visible

1990
1980
1970
1960
1950

1900

ISWI-MAGDAS School 2012, Ciloto,
9/17/2012 Indonesia




Why wide spectral coverage is important? The essence of
multiwavelength observation:

M 81: Spyral galaxy

Emission from Stellar radiation Emission from Radiation from
hot area dust cold dust

= Intensity measurements

s Number of photons received per time unit & collector area
m Performance of detector determine the attained precision and
sensitivity
: Measurement of the received radiation intensity
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m Spectral analysis

m Spectral analysis = Composition of chemistry & isotopes,

velocity field, turbulence, temperature, pressure, magnetic field,
gravitation, etc &

Spectral resolving power of instrument (R=4/44): Ability to
measure 2 close spectral lines at each frequency <~
spectrograph, area of collector, integrating time & detector
sensitivity

Velocity
resolution
Ims!

./ Heterodyne spectrometer

"".:.'I' | Bl I:; .

Resolving power A /AR
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m [Ime variation

m Variabel stars with
slow time variation —

Table 1.4. Time variability of astronomical sources

Phenomenon

Wavelength Characteristic time
region scale or range [s]

Accretion in
binary systems
Black holes
Gamma bursts
(thermonuclear
explosions at the
surface of a
neutron star)
Interstellar
scintillation
Solar flares

Variable stars

Al >107!
X-ray, visible >1073

Y-ray,
radio

Radio, X-ray
Visible, IR, radio
All

Mira Ceti
= Pulsar with period of [t

oscillations (gravity) Visible, UV

1.377 mllllseconds Stellar variability

(convection, Radio, IR, UV,

founded in 1968 i B

galactic nuclei,

= Sensitivity & time
response of detector

Time resolulien
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= Imaging
m Objective: to measure electromagnetic beam coming
from different direction in space
m Capacity of observing device in doing this: Spatial
resolving power <> Size of instrument, wavelength,
atmospheric turbulence effect

Resolution Number of pixels to | Obtained information Spectral area
cover 4m sr

1° 4x104 Background radiation milimeter
Sky survey sinar-y

1.5x108 Sky survey IR (10-100 pum)

5.4x10%! Sky survey Visible
Specific object mm, IR, UV, sinar-X

0.01” Specific object IR, visible
1 milliarcseconds Specific object Radio [cm]

1 microarcseconds Specific object Radio [cm,mm]
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Processing and storage of
Information

= Astrophysical information = data collected from
all range of source.
s Continuously improve the accuracy
= Very high historical values

= Volume of collected data very is sharply
Increasing:
= 107 stars have been catalogued (position, magnitudes
and colours)

= Information rate in radio astronomy : 108 bits peryear
(1972) — 1010 bits peryear (1982), HST (1989) : 1013
bits peryear!
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Observing » Raw data Data

system |

archive

W Preliminary reduction

l

Commands, Quick-look data
optimization

] Images, spectra ...

Interactive
analysis
Images,spectra ...

<—>| Data
bank

Statistical :
analysis, Full analysis

modeling

Acquisition ane analyvsis off
Astironomical Data
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Stages in Astronomical data processing
& the role of computer system

» Quick-look facility : Optimization of observation

. Individual photon detection
from faint source (t — hours, days) until fast
detection (108-10° bits per second)

: Reducing raw data
volume & facilitating permanent storage system
(compression & filtering)

: astronomer-data—computer
m Extraction & Analysis of information
m Programs to calibrate

m Programs for viewing & manipulation
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m including error
assessement = Signal-to-noise ratio

through

» Publication

> Contribution to data bank equipped with
standardization process & format
homogenization

> Extraction of big volume of data from data
bank to model or describe statistically
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