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POINT SPREAD FUNCTION

= POINT SOURCE PSFS ARE MOST OFTEN
MODELED AS GAUSSIAN FUNCTIONS

* THEY ARE GENERALLY CHARACTERIZED
BY A SINGLE PARAMETER - THE FWHM

" SEEING AND ENCIRCLED ENERGY ARE
USEFUL. AS WELL.




PSF I

» PSFS ARE ONLY APPROXIMATELY
GAUSSIAN.

= THEY ARE LORENTZIAN IN THEIR
CORE AND GAUSSIAN IN THEIR
WINGS.

"= SHAPE CHANGES WITH SEEING.

» SEE KING (197 1), DIEGO (1985H),
STETSON (1987).
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Fig. 5.4. (Continued)
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ESTIMATION OF STELLAR
FLUX

A SIMPLE SOURCE FLUX DETERMINATION

MEAN BG (SKY) LEVEL(B) = SUM IN BG
ANNULUS / NUMBER OF PIXELS IN BG
ANNULUS

SOURCE FLUX (N) = SUM IN STAR
APERTURE - (N(PIX) * B)

NO CONSIDERATION HERE OF PARTIAL
PIXELS, BG CONTAMINATION, COSMIC
RAYS, ETC. (SEE MERLINE AND HOWELL
1995)
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Background pixels vs. S/N

S/N vs. NUMBER OF BACKGROUND PIXELS
BRIGHT and DARK SKY

model —— bright sky
“CCD Eqn" —- dark sky
model —— dark sky
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SIGNAL-TO-NOISE

= HOW DO WE DETERMINE THE S/N
FOR A POINT SOURCE?

= WHAT IS THE SIGNAL.?
* W WHAT IS THE NOISE?

= ONCE READOUT, THE ORIGIN OF
EACH PHOTOELECTRON IS
UNKNOWN; STAR, SKY, DARK
CURRENT, COSMIC RAY, ETC.



NAL, EQUALS T-HE FLUX &,/t

ED EBOM STAR & N _
=3 G@@PREEE

R




Ideal, bright star PSF

7 OF TOTAL SIGNAL

TOTAL SIGNAL vs. RADIUS
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Figure 5 (Merline and Howell)




MAJOR NOISE SOURCES

PHOTON NOISE FORM THE SOURCE
= SQRT (N)
PHOTON NOISE FROM THE SKY
» SQRT(MEAN SKY) / PIXEL
THERMAL NOISE FROM DARK CURRENT

s SQRT(D) / PIXEL (EXP. INCREASE W/ TEMP,
OF CONCERN FOR TE COOLED CCDS)

READ NOISE (GENERALLY LOW TODAY)
‘= READ NOISE / PIXEL

DIGITIZATION NOISE - GENERALLY
NEGLIGIBLE



OTHER NOISE SOURCES

FIXED PATTERN NOISE OR SCENE NOISE
FROM FLAT FIELDS

DEFERRED CHARGE
GAIN VARIATIONS

NOISE INTRODUCED DURING DATA
PROCESSING/ REDUCTION

ETC.
SEE T. BROWN’'S TALK
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DIFFERENTIAL PHOTOMETRY

" |F LIGHT CURVES WITH HIGH
PHOTOMETRIC PRECISION IS YOUR
GOAL, DIFFERENTIAL TECHNIQUES
ARE FOR YOU

" | HE SIMPLE VERSION.

* THREE STARS V,C,K

= THE BETTER VERSION:

= [ OCAL ENSEMBLE DIFFERENTIAL
 PHOTOMETRY
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F16. 3. Differential photometry for US 943. Part (a) shows {C-K)
the V — C differential light curve, while part (b) shows the e e R T
C — K differential light curve. Bach point represents the

time of mid-exposure with the first point in each plot being TIME (UT MINUTES)
that time given in Table II(b) for the start of the time series. FI1G. 4. Differential photometry for OQ 530. See Fig. 3 cap-
An estimate of the photometric accuracy in the differential ¥ tion for a complete description.

data may be obtained by using s, which can be calculated




ENSEMBLE DIFF PHOT

" AVERAGING IS A POWERFUL TOOL TO BEAT
DOWN SYSTEMATIC NOISE

= USE MANY COMPARISON STARS (AN
ENSEMBLE) TO COMPARE EACH STAR TO,
THIS ALLOWS A BETTER ESTIMATE OF
BRIGHTNESS CHANGES

= ENSEMBLES SHOULD BE

= 10-40 (OR MORE) STARS WEIGHTED BY THEIR
UNCERTAINTIES ON A POINT BY POINT BASIS.

= |[DEAL ENSEMBLES ARE N STARS OF EQUAL
* BRIGHTNESS, AND THE BRIGHTEST IN THE
SAMPLE

= |DEALLY; ENSEMBLES ARE LOCAL, WITHIN A
' FEW ARCMINUTES



ENSEMBLE DIFF PHOT

USE ITERATIVE PROCESS TO REMOVE
VARIABLES FROM ENSEMBLE

FORM MAGNITUDE DIFFERENCES:

= FEACH STAR MAGNITUDE - ENSEMBLE
AVERAGE MAGNITUDE FOR EACH FRAME

DETERMINE PROPERLY SCALED ERROR
FOR EACH OBSERVED POINT

SYSTEMATIC AND REAL CHANGES ARE
REMOVED - ONLY TRUE VARIABILITY
REMAINS

DETAILS IN EVERETT & HOWELL (2001)
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