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Basic workflow of astrophysics
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What is observation ?
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Messengers in astronomy
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Messengers in astronomy
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Gravitational wave Cosmic-rays Neutrinos
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N. Fischer, H. Pfeiffer, A. Buonanno Simulating eXtreme Spacetimes project | CERN | IceCube Neutrino Observatory



Messengers in astronomy
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Multi-wavelength Observation
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Outline
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KRG (Telescope)

BHEZRHL (Tracking)
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Telescopes RS
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.« [O#X Aperture Diameter (D)
.« FHERAMANTE Angular Resolution : a = 1.221/D
- ¢ Light-gathering power : P = (D/D,)?
.« fER Focal Length (F) : E82IEFHE AR
« fE[L Focal Ratio (f) : HEBEFERILH] » PEGR)5EE o £ =F/D




24 microns

70 microns

160 morons

Spiral Galaxy M81

NASA 7 JPLColtech / K Gordon [University of Arizona)

Spitzer Space Telescope * MIPS

23c2003060

The Evolution of Infrared Space Telescopes

.IWST}I;AIRI 7.7 pm
D=6.5m

WISE W2 4.6 pm
D=0.4m

Spitzer/IRAC 8.6 pm
D=0.85m

Diffraction and theoretical angular resolution
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S&T Archive
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ta 7 / taff 7 Chromatic aberration
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Telescopes
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Telescopes
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Rubin/LSST

BEXAR

Rubin Obs/NSF/AURA
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Adaptive Optics (A.O.)
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perturbed wavefront

T —
T

FWI

P

\lﬂ

l
N
¢

science

|
|
|
wavefront sensor |
...... |
¥ --...'..::=I
sl S
] 5 control
.......... o
EURPRCEELL) By hardware
............ |
|
—_— = = = =




Adaptive optics No Adaptive optics

ESO/P. Weilbacher (AIP)
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Tracking System
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Jifi (Azimuth) {4 (Altitude)
- JiedEfA (Position angle)
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Types of equatorial mounts
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Alt-az mount on large telescopes
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Guiding
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Instruments
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o ALERCTABYTTE - FHEE Imager/Camera
o AFPLTITHIRER [ AR Spectrometer
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Credit: Stephen Todd (ROE) and Douglas Pierce-Price (JAC)




Instruments
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Instruments
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Cburnett Incoming light

Filter layer
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Filters
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Instruments
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Ch2. Simplified model of telescope/instrument systems
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What makes an astro-photo?
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What makes an astro-photo?

—skIE R AR (FH1L)

x

T . RS IR o
KR : A1 ‘ ,§\<‘

i o PN B
%ﬁﬂﬁﬁ%tﬂ HE A 21—

oy . FAHERES
A AR ~ 2V ~ TRBR ~ Bifg =
EJ7 » QE=1




Credit: ZFiAH
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Credit: ZFiAH

Exercise
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Examples
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1. Why we see brighter image in telescopes with small focal ratio?
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2. How to increase angular resolution?
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Ch3. Common method of image analysis
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What do you see?
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ESA/Gaia/DPAC

Gaia G absolute magnitude
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> HAT (Proper Motion) Hf{72 (Parallax)

Samuel Velasco/Quanta Magazine
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relative flux + offsets

(a)
100 - T —— - — — —
3.02 um
3.17 um o
0.95- 3.33um -
3.51 um o -
3.68 um
0904 - \ i
3.87 um
# —---\-1 | S ___'___,.I. I:'...---:----—---------q.—...-_.‘-
4.07 um
0.854 4.28 um \
lqu'—l'\-—HH—-d'\—'-N—u-—-\-d—-—-\i‘l "'. ‘H_._____- FI_ — e -
4.50 um \
o - ‘l g_uw_q“_‘___, ’iw
4.73 pm \ /
0.80 - — \ Mt i
4 .97 um . /
W#Wm‘l‘ . _,-"'I w
5.23 um \ /
N
0.75 -
-0.2 -0.1 0.0 0.1

time from mid-transit [days]

2.30

transit depth [%]
| | NN NN
N = = = N N
o (9] o (9] o L

logipo [cm?/mol.]

I
N
u

NG

2B

H H

'~

HfHIRAZ TR
at o BHEREF A E

no H,O

no CO
no CO»
no H»S

¢

no

CH,
—— no cloud
- all opacity
data

o B N W e WU O

wavelength [um]

.5.0‘

scale heights



Summary
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