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Observational limits

0) Poisson! (quantum limitation)
1) Diffraction limit
2) Detection (aperture) limit
a)Simple case
b)More realistic case

3) Atmosphere
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Observational limits

2) Aperture limit (More realistic case)

Image: trace
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«Aperture has m pixels (1 arcsec?)
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Observational limits

2) Aperture limit (More realistic case)
«Aperture has m pixels (1 arcsec?)
*Detector has Quantum Efficiency QE

mﬂ_l L B L B BB A B | QE:percentageofphotonS
C b 1 that will produce a photo-electron
8O- A . 1 onthe CCD
60 - )
40| 4
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[ | t 1 QE of the red camera of the
ol v v e b b bevn [0 11 MIKE spectrograph on Clay

300 400 500 600 700 800 300 1000 LCO
Wavelength, nm @

AS750 Observational Astronomy
Prof. Sebastian Lopez



ADU (cuentas)

Observational limits

2) Aperture limit (More realistic case)
«Aperture has m pixels (1 arcsec?)
*Detector has Quantum Efficiency QE
*Read-out noise “P”

Image: trace
T T T T | T T
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Observational limits

2) Aperture limit (More realistic case)

Homework: show that

where:

«Aperture has m pixels (1 arcsec?)
*Detector has Quantum Efficiency QE
*Read-out noise “P”

S nq
N \/nq+Nq+cl>2m

2 2 1/2
=) (1)1 (1 —m b
N Sy (e 248
— 14
N
nZSt,NZBt,rg%
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Observational limits

2) Aperture limit (More realistic case)
«Aperture has m pixels (1 arcsec?)
*Detector has Quantum Efficiency QE

2 2 1/2
4" m )] r 1 «Read-out noise “®”
2

z:(%) (147 1+(1+

() (1+7)

nZSt,NZBt,rd:Ef%

S
Case 1: Ground-based telescope: r>1, N > \/cl)zm—wm( )
N 2qB
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Observational limits

2) Aperture limit (More realistic case) g 2,2

Case 1: Ground-based telescope: 7r>1, N >>\/cl>2m—>tm( )
N 2q B

M, (V)=27,m (V)=22.5arcsec”,q=0.8

Filter V is centered at 5300 A and 500 A wide. For

the 3.6m telescope at La Silla, this sky brightness

corresponds to B=30 photons per second per square arcsec.
90+ ,n’fﬁ\“ |
% ._f N

Star magnitude in V | ,I %
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Observational limits

2) Aperture limit (More realistic case)

— S 2
Case 1: Ground-based telescope: r > 1,N>>\/cl>2m—>tN( ) 20 B
q

M, (V)=27,m (V)=22.5arcsec”,q=0.8

Let us suppose that the seeing conditions imply that 50% of the star photons
are within 1 arcsec®. Thus, in a 1 arcsec’ aperture we have:

m,,—my,=—2.5log(F . /F,,)

star
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Observational limits

2) Aperture limit (More realistic case) g 2,2
Case 1: Ground-based telescope: r>1, N > \/¢2m—> t~( N) 20 B
q

M, (V)=27,m (V)=22.5arcsec”,q=0.8

Let us suppose that the seeing conditions imply that 50% of the star photons
are within 1 arcsec®. Thus, in a 1 arcsec’ aperture we have:

m,,—my,=—2.5log(F . /F,,)

27.0—22.5=—2.5log(2n/N)

star

27.0-22.5

2X10 * =N/n=r=126

AS750 Observational Astronomy
Prof. Sebastian Lopez



Observational limits

2) Aperture limit (More realistic case) g 2,2
Case 1: Ground-based telescope: r>1, N > \/¢2m—> t~( N) 20 B
q

M, (V)=27,m (V)=22.5arcsec”,q=0.8

27.0-22.5
2%x10 * =N/n=r=126
B=30s"
S 2
[= 330(ﬁ) Exposure time as a function of S/N
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Observational limits

2) Aperture limit (More realistic case) g 2,2
Case 1: Ground-based telescope: r>1, N > \/¢2m—> t~( N) 20 B
q

M, (V)=27,m (V)=22.5arcsec”,q=0.8
27.0—-22.5

2x10 *> =N/n=r=126

B=30s"

2
1=330(>)
N

(i) =5-t=23h
N ' Time necessary to reach S/N=5 on a mag=27 star
using a 3.6m telescope .
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Observational limits

/N in PSF area vz, Exp. Time

2) Aperture limit (More reali  ’ ' ' ' ' ' . .
Case 1: Ground-based tele ESO NTT ETC
m ., (V)=27,m, (V)= | ]
27.0-22.5 E:

2X%X10 25 :N/n:riﬁ 5.5 |
B=30s"

g 2
t — :S.E;() ( ____') 4.5 I I I I 1 1

_]\] Ry B0 Faelele} teulule} Qo A0 i Rele]e] 12000 13000

Exposure time (=)

S
<N)_5 —t=23h Time necessary to reach S/N=5 on a mag=27 star

using a 3.6m telescope .
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Observational limits

2) Aperture limit (More realistic case) S
Case 2: Space-based telescope: N L \/d)z m—toc ( N)
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Observational limits

2) Atmosphere
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Observational limits

2) Atmosphere ¥ %
a) “Ai rmassn N ; top of atmosphere

- ! -
X .. . ! one airmass
. |

-
. |
. '
- |
. |
- '
N '
. '
"
'
'

:
a

surface of Earth

Dimming of star light due to extinction in the atmosphere
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Observational limits

2) Atmosphere ¥ %
a) “Ai rmassn N ; top of atmosphere

- ! -
X .. ' one airmass
. |

Zenith angle

surface of Earth

If we consider the earth and atmosphere to be flat, the number of airmasses light
must traverse is given approximately by:

, one airmass ,
airmass X = = (one azrmass) Xsec z
COSZ
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Observational limits

2) Atmosphere ¥ %
a) “Ai rmassn N ; top of atmosphere

- ! -
X .. ' one airmass
. |

Zenith angle

surface of Earth

If we consider flux before and after crossing an air layer “dh”, in terms of extinction
we have:

dF ,=—k F , secz|dh|

\ Extinction coefficient
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Observational limits

2) Atmosphere ¥ %
a) “Ai rmassn N ; top of atmosphere

- ! -
X .. ' one airmass
. |

Zenith angle

surface of Earth

If we consider flux before and after crossing an air layer “dh”, in terms of extinction
we have:

dF ,=—k F , secz|dh|

Integrating: Fy,=F,exp(—secz f: k dh)
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Observational limits

2) Atmosphere dF ,=—k F , secz|dh|
a) “Airmass”

FA:FOCXp<—S€CZf: k dh)

Apply log to have a magnitude scale: my=my,+Am,secz
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Instrumental magnitude

2) Atmosphere
a) “Airmass”

Brightness of a star over many hours,

Observational limits

dF ,=—k F , secz|dh|

FAZFOexp(—seczf: k dh)

UT Jul 27 2001

m,=m,+Am,sec z

Get this coefficients
from the plot

1 1 |
1 1.2 1.4 1.6
Airmass

1.
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Observational limits

2) Atmosphere
a) “Airmass”

Empirically::

my=m,—Am,M (z)

M (z)=sec z—0.0018167 (sec z—1)—0.002875(secz—1)"—0.0008083 (sec z—1)’
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Observational limits

2) Atmosphere
a) “Airmass”

Empirically::

my=m,—Am,M (z)

M (z)=sec z—0.0018167 (sec z—1)—0.002875(secz—1)"—0.0008083 (sec z—1)’

Recommendation: observe as close as possible to the zenith!
(or at least avoid z>60°)

AS750 Observational Astronomy
Prof. Sebastian Lopez



Observational limits

Hourly Airmass Table for Q1355 for Mar 14, 2010

¥*¥* Hourly airmass for Q1355 ***

Epoch 1950.08: RA 13 55 @0.0, dec -22 57 00
Epoch 201©.20: RA 13 58 21.8, dec -23 14 34

At midnight: UT date 2010 Mar 15, Moon ©.01 illum, 131 degr from obj

Local uT LMST HA secz par.angl. SunAlt MoonAlt
19 @e 23 00 5 47 -8 11 (down) -131.0 -0.6
20 00 0 B0 6 47 -7 11 (down) -123.7 -13.6
21 0o 1 00 7 47 -6 11 6.498 -118.1

22 00 2 06 & 47 -5 11 2.755 -113.8

23 00 3 06 9 48 -4 11 1.784 -110.6

B o 4 06 10 48 -3 11 1.365 -108.6

1 00 5 00 11 48 -2 160 1.152 -108.7

2 00 6 00 12 48 -1 160 1.045 -114.6

3 00 7 06 13 48 -0 10 1.006 -159.8

4 00 g8 00 14 48 0 50 1.025 120.9

5 00 9 00 15 49 150 1.1087 109.6 .
6 0O 10 06 16 49 2 50 1.277 1608.3 -10.2
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Observational limits

2) Atmosphere
a) “Seeing”
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Observational limits

2) Atmosphere Atmospheric layers move differentially at different
a) “Seeing” time and spatial scales. This produces rapid
variations in the airmass and refraction index.

\ Image intensity and position change

! - L.

AS750 Observational Astronomy
Prof. Sebastian Lopez



Observational limits

2) Atmosphere
a) “Seeing” _
FWHM ~ “seeing” ~ 3.7 arcsec

Ground telescope

[ 104 .45 220_.82) FWHM 1.687 ec O.39 FAa 151 .4 sky B8535.

SIZ200

200

16004

F00

counts above local sky

£ R e

] ] ] ]
=2 .000 <. 000 & . 000 Z.000

distance from center of star (pixels)
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Observational limits

2) Atmosphere

a) “Seeing”
) 9 FWHM ~ 0.25 arcsec!

Space telescope

PSF WFPC2-PC FS55W (Tiny Tim)

Flux Per Pixel
= =) =) =
£ R -
T T T T T T T T T T T T TTr)
-
wl™
IIIIII|,|,| 1 IIIIIII| 1 IIIIIIII L1 Il

o
—_
(=]
L]
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L
[=]

Fixels (0.046"
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Flux Par Pixel
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Observational limits

2) Atmosphere
a) “Seeing”

FWHM ~ 0.25 arcsec!

Space telescope

PSF WFPC2-PC FSSEW (Tiny Tim)

Point-Spread Function (PSF).

P Usuallly gppro.ximated by a Gaussian,
But this is optics-dependent

(Moffat function)

Lol

o
—_
L]
I
o

Fixels (0.045"

Adisr 28 Crt-2003 14254
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Observational limits

2) Atmosphere Gravitationally lensed QSO HE0230-2130
a) “Seeing”

[.. Wisotzki et al.: The new complex gra

Cleaned

CASTLES

CASTLES Survey CTIO 1.5m, seeing~1 arcsec
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Observational limits

2) Atmosphere Speckle interferometry
a) “Seeing”

IRC +10 216

W

w

VA

i
=

Speckles pattern
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Observational limits

2) Atmosphere Speckle interferometry
a) “Seeing”

IRC +10 216

IRC +10 216

Deconvolved image
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Observational limits

2) Atmosphere Approximation for seeing
a) “Seeing”

6

o A 2 0.
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Observational limits

2) Atmosphere Approximation for seeing
a) “Seeing”

6

o A 2 0.

Koy A 2500 205> 206265(% 1.22)
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Observational limits

2) Atmosphere Approximation for seeing
a) “Seeing”

o A 2 0.6

Koy A 2500 205> 206265(% 1.22)

X mwim oA sec 20206205 A
Fo

\ Fried parameter, approx 10cm
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Observational limits

2) Atmosphere
a) “Seeing”

Some other concepts you will see at some point:
*Characteristic length (Fried parameter)

*Strehl ratio: peak PSF/peak Diff. Limit

*80% energy diameter
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Observational limits

2) Atmosphere
b) “Absorption”

Scattering (eg. Rayleigh scattering by air molecules) and absorption..
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Observational limits

Visible

Ultra- » .
Gamma X-ray violet l Intﬂaﬂrud Microwave Radio
R LR {Liv) !

-

N,
&

Thermesphere
{ auroras)

Mesosphere
(metecrs burm dap)

Stratosphers
{ozone layer at 20-30
km; jets fiy at 10 km)

Troposphens

i
{wealher)

J-ﬁ
L]

-y |||
Optical 1—'&“‘1

“window™ Radio “window'

ATMOSPHERE
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2) Atmos
b) “Abso
Sce

Observational limits

SOLAR IRRADIATION CURVE OUTSIDE ATMOSPHERE

SOLAR IRRADIATION CURVE AT SEA LEVEL

| tion..

015 l
= I
< |
E |
E3
FE00 I —
|
|
|
0os— |
| H.0, CO;
)
!
J/ ;!D COP H?.D CD;.
0 | m i.!
ol 1 r“-‘r-x-:i-:a-t—r bt
a 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0 22 24 3032
WAVELENGTH (i1m)
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Observational limits

2) Atmosphere

b) “Absorption”

Transmission

0.9
08 T
07 T
06 1
05
04T
03T
0.2 1
017

Transmission bands.

-t | Ll § -
Uv | Visible Near and Short MidWave | LongWave Far
Wave Infrared Infrared Infrared Infrared

ok 4 Il .
0.4 1 3 10 14
Wavelength (micrometers)
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Transmission

0.8
0.6
0.4
0.2

Observational limits

SOFI/NTT mid-IR filters

III|III|III|IIII|I_|H!-_|III

L 4 L 4 -

-

s L

E

A, pm

H
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Observational limits

2) Atmosphere
b) “Absorption Water vapor dangerous for IR astronomy!.
0.0 - 'lll |"'II|

Wiavelength (pm)

Mauna Kea water vapor transmission
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Observational limits

2) Atmosphere
b) “Absorption Water vapor dangerous for IR astronomy!.

1.0 |
—  1.0mm HEEI

——3.0mm H.0

W“ \\

Transmission

Wiavelength (pm)

Mauna Kea water vapor transmission
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Observational limits

2) Atmosphere
c) “Sky brightness”

Skybrightness depends on:
*Scattered sun and moon light
*Airglow (eg., auroras)

Air pollution
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Observational limits

2) Atmosphere
c) “Sky brightness”

Days from | Sky Brightness
newmoon| y [B v [R 1 [z

0 220[P27P18[209[199[18.8
3 [215p24R17pR0s[199[188
7 19916214 [206[19.7[186
10 [185[R07 0703195183
14 [17.0[19.5[20.0[19.9 [19.2[18.1

Sky surface brightness at La Silla
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Why northern Chile offers good sites:



Observational limits

Why northern Chile offers good sites:

Gemini South+ Aamingos Image Quality Distribution
JunefJuly 2002

180
160

140
120

100
80

B0

number of frames

40

20

0.05 015 0.25 0.35 0.45 0.55 0.65 075
PNVHM arcsec

EJEHBEK
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Observational limits

Conditions for a good astronomical site:
*Clear skies

*Good seeing

*Dark skies
eLittle water vapor

eLittle radio pollution
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Observational limits

Conditions for a good astronomical site:
*Clear skies

*Good seeing

*Dark skies
eLittle water vapor

eLittle radio pollution

Good sites are therefore: high, far from cities, and lie over the thermal
Inversion layer
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Observational limits

Conditions for

*Clear skies Subsiding

air

*Good seeing

*Dark skies

o| ittle water vi

eLittle radio pc

Inversion

— —Lid — — — —

Altitude

hermal

Good sites al
Inversion lay:

Temperature >

Here is where most clouds form
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