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Photometry |

‘i's somewhere betveen a nova and a supernovg
... probably a pretty good nova.”

David Buckley, SALT
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my — mg = —2.5 log— I _ 9 p1omi—me

IZ Il

* The QE (Quantum Efficiency) of the detector (e.g. p  hotomultiplier, CCD, etc.)

« We refer to the instrumental magnitude , defined as: m=—251log I
« To be able to compare measurements between differen  t systems, we use the following:

m = —2.5 log I + constant
« The constant is referred to as the  zero point of the system, and is determined for a
specific telescope-instrument-detector combination.

« Interms of flux density (ergs cm 2s1 A1) m@) = -2.5logFg) —21.1
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through which this radiation psses, So:

— 2 — 2

= 1/, = (rpr)?

So, m-m, = -25log(/l,) = m-M = -25log {fr,)> = -5 log (10/d)
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m — M =51logd—>5

]
o=

=
= 2]

m — M=-5logm—>5

The apparent magnitude ( m) is
invariably measured with a specific
filter , typically the visual (V) of the
first accurate photometric system,
namely the Johnson , or UBV, system
based on the first photomultipliers

Sensitivity fanction S(A)
=

(1P21)

 m, is therefore the apparent Filter
magnitude measured through the V- U
band filter. \Ej
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a spectral energy distribution (SED)

— The area under SED curve - bolometric
intensity - bolometric magnitude

— My JF,da

« For a black body, F,is the Planck
function which defines the SED as a
function of temperature and A:

B 21 he? 1

R
A2 e,u:%" —1

F)y

Hue red
filter  filter

Notice that the flux through the bluc
Tilter exceeds that for the red filter for
the hot star. The opposie for the cool

star. 3o, the hot siar ishas a blue index,
anid the cool star hasg a red index

wavelengih

Integrated energy (area under SED):

= [F,di=oT_* (Stefan-Boltzman law )

» Colour index is the difference of
magnitudes measured through two
different filters: e.g. B—V
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stars much hotter or cooler than i I
~6000 — 8000K - I8
— More UV flux for hot stars &t d -
— More IR flux for cooler stars RESE B ]
— Effects of spectral lines Sun-like stars B 4 -
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Hue red
filtar  filter

The Rayleigh-Jeans
tail of the SED

/

3 000K tar

be in the “Rayleigh-Jeans
tail” of the SED

CNETYY

wavelengih
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Dwarf Stars (Luminosity Class V)
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Convolving a stellar spectrum with a pazsband The Stromgren passbands

3000 4000 500G EQO0 7000 8000 3000 10000

3000 4000 5000 E000 7000 2000 3000 10000

Wavelength {(Angst
Wavelength (Angstroms) L taween gth (Angstroms)

« Colour of source determines the filter's  effective_ wavelength
— Need to take account of this is determining mags/co lours
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Hot Star Spectrum of a hot star compared to blackbodies
2,0e+12 T
8000 k blackbody —s—
10000 K blackbody ——
: ) : : 12000 K blackbody
oeH? koo e 21 e e AY star —— .4
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lavelength (Angstroms)

Sometimes stellar SEDs are a poor match to blackbodi
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Cool star

1,8e+12

1.6e+12 |

1.4e+12

1,2e+12

le+l2

Se+11

Be+ll

4e+11

2e+ll

0

rum of a cool star compared to blackbodies

3000 K blackbody ——

4000 K blackbody ——
5000 K blackbody —e—

2000 4000

Presence of spectral features (e.g. Balmer jump, spe

blanketing) affects mags/colours
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Nova V1494 Aql
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S Dec 99, 16:49 UT, bs

Cl11 + ST7 + Rainbow Opt. Spectroscope
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Fluk + Sonstant

Supernova
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Even greater departures from

JEO00 4000 4200 4400 4600 A4EO00 BELOO 5200 B40D0  BEOJ

blackbodies for some objects (e.g. novae,
supernovae, non-thermal sources)
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(B—V)

For V = 0 star:

fo,=3.63 x 10%erg st cm2 A1
f0,=3.63 x 10%erg st cm?Hz?
@,/hv= 1005 photons cn? st A-1

Photometry |

15 L | | i ]
05 0 0.5 1.0 15 2.0

» Define colour indices:
U-B and B-V =0 for AO spectral type

» AO defined by Vega ( T4 = 9550, log g = 3.95,
log Z/Z = —0.5)
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g

U B v R | J H K Kp | [*
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Interstellar
cloud

Telescope

Path of blue photons |2 <+ - *
Path of red photons [y

«—Iice coating

Infrared image reveals many
stars hidden behind the nebula.

100
nanometers

" graphite and .
silicates No stars visible through

center of Barnard 886,
The Black Cloud

A typical dust grain (note the tiny scalel).

o Causes light to be
absorbed, _ SR, T L ey
preferentially in the | o R g T it mate

Stars seen through edges of
nebula dimmed and reddened

© 2005 Brooks/Cole - Thomson
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Dust emission at 100 upm in Galactic coordinates
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» Mean dust density in the galactic disk is
Ngust ~ 107 grains/m 3

» Compare this to mean gas density of

Ng.s ~ 10%° gas atoms/m 3
* Mean visual extinction in galactic plane
(b =09 is~ 1to 2 magnitudes (in the V-
band) for each kiloparsec (1 kpc = 1000 pc)
of distance, but the distribution is very
patchy.
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IRAS (Infrared) image of the Milky
Way showing dust in galactic
plane
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m, —M, =5logd -5+ A

In addition, absorptionis  wavelength /.,_.\. « Ay
depe:dent P V N t/. ;\
— Shorter wavelengths affected most er .
! tinct
— Objects are reddened | extinction \8
— Colours appear redder /
—(B=V) —(B- T 10 0 200 30 um

EB—V (B V)obs (B V)o UBVB]; J H K L
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scattering)

Mostly dust particles >100nm scatter by Mie N
scattering, which dominates from the near UV
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_ A A,

A.-A, E(B-V)

(>~350nm) to the IR
A, J1 /24 (Whitford law)
In terms of column density:

Ny,

E(B-V)=¢

8x10®°m™
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Rayleigh
Scattering

Mie Scattering

From overhead, the Rayleigh
scattering is dominant, the
Mie scattered intensity being
projected forward. Since
Rayleigh scattering strongly
fawvors short wavelengths, we
see a blue sky.

When there is large particulate matter in

the air, the forward lobe of Mie scattering i Observer
is dominant. Since it is not very wavelength

dependent, wa see a white glare around the sun.

Graphite emission bump

Mie regime
—

y Visible uv
o | | |

1000 500 300 200 125
Wavelength A [nm]

Extinction

[useful for X-ray obs]
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{(B=V) .
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"LINE-BLANKETING"
VECTORS

0.1+ '
0.2 - 1 [ | | |
-01 0 01 02 03 04 05 06 07
(B-V)
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Rayleigh Scattering Mie Scattering Mie Scattering,

%% ; % % % larger particles

———= Diraction of incident light

— Molecular absorption
» Ozone (Oj) in the UV & Vis
» Water vapour in the red & IR
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@= latitude

= [sin ¢ sinéd + cos ¢ cos d cos h]_l 0= declination
h = Hour Angle

X = secz (1 — 0.0012(5.9:2 z — 1))

- SR t
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dl
dl = —1 7 dX or, T:_TdX ntegrating patt Inl—=Inl,= —-7X

« Optical depth is related to the opacity , x, and density , p:

T=kKp SO, dl,=—xpl, dX
* Interms of magnitudes:
m-m, = 25log,,(I/l j)) = 2.5log,(e-7*) = 25%0.4343In(e~7*) = 1.086 7 X

= m = mg + kX [where k is the extinction coefficient _, k =1.086 7, measured in mags]
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A4 Bouguer plot

Mobs = Mipyye 1 k()‘) sec 4

. | Tt

cLadUoC C U
monochromatlc (i.e. they have some
bandwidth), the effective

wavelength depends on the object’s 10 ¢
colour index (e.g. B-V)

= Kk has a colour dependency: o
k,= k;’ +k," (B-V) Eu.s -

_ Unabsorbed

\ - Zenthangle=0"
__— — Zenith angle = 60°
k,": Primary extinction coefficient
k,": secondary extinction coefficient 300 500
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GAAY

constant)
magnitudes
and colours to
determine
extinction
coefficients

Photometry |

_rl;:T{%
10
083
08
07
06
05
04 |
03
02
01 r

Mean Extinction =

4000 5000 6000 7000 8000 A ({A) 9000
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Fig. 2. Vanations in the total ku, ke and &k, extinction coefficients (from
top {o bottom) during the night 28-30 September 1987.
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» Light from the dust in the Solar System : [ §
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*Brian May ( Queen) obtained his PhD
on Zodaical dust in 2007, ~30 years
after he suspended his studies in favour
of a non-astronomical career!
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corrections using observations or standard stars

» Determine the standard magnitudes & colours

— “Transform” magnitude and colour measurements from th e system or
instrumental magnitudes to the standard magnitudes

» Absolute or “all sky” photometry

— Achieved using observations of standard starts of k nown magnitudes in the
photometric system being used (e.g. UBVRI)

— Needs “photometric” conditions, i.e. completely clear and stable extinc  tion, also
called good atmospheric “transparency”
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» Sometime possible to observe in non-photometric con ditions
e.g. thin uniform cirrus cloud cover

— 2D imaging devices (e.g. CCDs) can measure many stars
simultaneously

» Able use several stars as “comparisons”
» Statistically better (average brightness over many stars)
» Can use profile fitting to PSFs as well as aperture photometry

— On SALT can only do differential photometry, due to varying effectiv e
collecting area of the telescope
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Tirne {sec)

Time (sec)

1ot
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al,
-d'-""' "“'.P l\ b’q..'“.‘i‘ P'&‘”’A -"“q..f\a -ﬂ. “"\ <

by Fourier analysis, or similar techniques =
— e.g. attempt to match data with a series of "-‘..-"‘w-"’;.;“—j',,_, N o
sinusoidal variations P NN
— Varying amplitude, frequency & phase R e TR LRI
* Produce a power spectrum__ (OO amplitude 2) e et T G e gt e

— Shows the likely periodic_frequencies that,
combined together, can explain the o NP S i o 0
observed light curves

I.':\ ;. nﬁ d".. --... Y i .-‘;-\.‘;f:. 'H“ ’d'._ -u-::.' ]
‘ -v' \.‘ — {1 - . p o -_1 >
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| |
24 hours: all data \

24 hour light curve for a single periodic
cariation at P =200 sec (v =5 milli Hz)

[Sec)
0 2000 4000 6000 2000 10000
T T T T T

w—-——-—r—-—-——-—vvuwwwwwwhwllﬂﬂl

12 hours: % data ||

mﬂmmwmﬁnﬂ
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Frequency (uHz)

Fourier amplitude spectrum for various

0 000 4000 soloﬂ " moos | 1oooo Segments of the ||ght curve at left
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Spectral window

L Power spectrum
J JL o

Power spectrum after “pre-whitening”
dominant period
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Simulation of non-sinusoidal variations
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— Causes “aliasing” of signals
» Can fit data equally well with signals that differ by only 1 cycle per day
» Ambiguous periods (typically 3-5)
» Cr)]nly way to reduce the ambiguity is to observe at 0 ther longitudes to fiull in
the ‘gap’
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UoF = =S N 3 TR R Details:
0.10 L single night Testdat contains =72 c/d
and no noise
single cbsanatory:
0.05 | 8 hours par night
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N

Run parallel clocks at sidereal rat

SN (@

=

Y
continuously read out CCD
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variations)
« Very efficient (don’t have CCD readout, telescope s  etting)
Problem:
* Only at the equator do objects move strictly in str aight lines
« As you move toward the poles, the motion of stars | sinan arc

— So stars begin to “creep” in the direction perpendic ular to star motion
— Causes blurring, decreased S/N
— Can't drift-scan at high declinations
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SDSs CAMERA
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