Advanced CCD observing
techniques
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Starting to see
the pixels, and
the close
companion
(4arcsec NE)



















Guideline

» Look at your images. Set your
aperture based on what is visible. A
star 5 magnitudes fainter can cause a
0.01mag error in your estimate.




Differential mag

-0.610

TrES-1 Transit Observation - 2004, Sep 01/02

Tonny Vanmunster - CBA Belgium Observatory
0.35-m /6.3 telescope - unfiltered ST-7XME CCD camera
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Photoematric light curve of the TrES-1 rarsit cbesration dd Sep 1, 2004
(i) Torry Vamuneter, CR& Baigium Ctesmatiny




AAVSO DATA FOR eps aur - WWW.AAVSO.ORG

Magnitude

A

2455070.0

2455080.00 2455085.00

Julian Date

B Prevalidated
R Validated
| Validated

2455075.00

V Validated
V Prevalidated
B Validated

U Validated

9]

245509C



Eps aur data

AUG

EPSAUR 245507284897 ,0oC 3504 B TRE  000-BJP-386  SA039995 1311INX 0.012 N
EPSAUR 245507284890 000 2977V TRE  000-BJP-386  SA039995 1311INX 0.006 N
EPSAUR 245507284879 000 3475 B TRE  000-BJP-386  SAQ39995 1311INX 0.012 N
EPSAUR 245507284871 ,0nC. 2891  V TRE  000-BJP-386  SA039995 1311INX 0.006 N
EPSAUR 245507284861 ,os0. 3595 B TRE  000-BJP-386  SA039995 1311INX 0.012 N
EPSAUR 245507284854 oG 2940  V TRE  000-BJP-386  SAQ39995 1311INX 0.006 N
EPSAUR 245507284842 ,oo0. 3541 B TRE  000-BJP-386  SA039995 1311INX 0.012 N
EPSAUR 245507284835 ,gsic, 2879  V TRE  000-BJP-386  SA039995 1311INX 0.007 N
EPSAUR 245507284825 o0, 3491 B TRE  000-BJP-386  SA039995 1311INX 0.012 N
EPSAUR 245507284817 ,0nC. 3064  V TRE  000-BJP-386  SA039995 1311INX 0.006 N
EPSAUR 245507284806 ,oo0 3560 B TRE  000-BJP-386  SA039995 1311INX 0.012 N
EPSAUR 245507284799 ,00C 2046 Vv TRE  000-BJP-386  SA039995 1311INX 0.006 N
EPSAUR 245507284788 o0, 3597 B TRE  000-BJP-386  SA039995 1311INX 0.012 N
EPSAUR 245507284781 000 2913V TRE  000-BJP-386  SA039995 1311INX 0.007 N
EPSAUR 245507284769 o5, 3553 B TRE  000-BJP-386  SA039995 1311INX 0.012 N
EPSAUR 245507284762 ,gsi0c 2912V TRE  000-BJP-386  SA039995 1311INX 0.006 N
EPS AUR 245507284752 . AUC 3653 B TRE  000-BJP-386  SAQ39995 1311INX 0011 N

29.3475



Guideline

* Don't trust the error report from your
software. It is often only Poisson error
and doesn’t take into account other
error sources (like Scintillation, the

problem here).




Signal/noise

S _ N,
N© NG ngy (Ng+ N+ N2)

Where:

N, = total number of photons collected from object of interest (may be one or more pixels)
Npix = number of pixels considered in S/N ratio
Ns = total number of photons per pixel from background or sky

ND = total number of dark current electrons per pixel

NR2 = total number of electrons per pixel resulting from read noise






Guideline

A full error analysis is complex.

 Trick: take 3 images instead of one;
average results and determine
standard deviation. Highly
recommended if variation timescale is
less than the 3 images.

* Time series trick: use (K-C) as your
error
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Guideline

* Look at your images. Check the peak
ADU level. Worry about binning. Worry
about full well (calibrate your camera).
Watch out about seeing variations.
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Guideline

 Differential photometry is a life-saver.
However, it is not perfect; expect more
scatter on a cloudy night than on a
clear one.

» Use multiple comparison stars and
examine your results on non-
photometric nights.







Guideline

* Time is absolutely essential, yet easy
to obtain. Use network time service if
you are on a network; determine and
apply your clock error if off the net.

« HJD vs. JD vs. RJD etc.
« Start vs. midpoint vs. end exposure time
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Zeropoint error
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V filter magnitude
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V filter magnitude

Zeropoint error W Dra
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Guideline

« Make sure you are using the latest
compstar magnitudes.

* Make sure you are using the correct

filter (happens more often than you
think!)
» Consider transformation




Kelative Sensitivity
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Flux (erg.cm==2.s-1 A1)
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Guideline

* Red stars are notoriously difficult to
deal with; consider staying at B and V
rather than R,I.

» Watch out for emission line objects -
they cannot be transformed properly

« Use comp stars that look as similar to
the target object as possible (same
color and spectral type).




Transforming to a Standard
System - 1

« Basic equation
V= Vinst T Zv + Tv*(B'V) + Kv*X
Where Z=zeropoint, T=transformation

coefficient, K=Extinction coefficient,
X=airmass

* Pick color that straddles or uses bandpass

 Pick color with good range; (B-V) or (V-I)
before (V-R) for example




Transformation guidelines

* Approx relations:
(B-V) = (V-I)
(V-R) = (R-I) = (V-l)* 0.5




Differential Transformation

V1 — V1 + Z + TV*(B'V)1 + KV*X

V2 — V2 + Z + TV*(B_V)Z + KV*X

V-V = vi-v, + T7[(B-V); — (B-V),]
Removes zero point, extinction effects

Transformation not necessary if colors nearly
identical

If colors do not change during light curve,
then transformation is just an offset




Guideline

Simple to use if you know the color of
the target and the comp star.

Use average extinction if necessary
(0.25mag/airmass for sea level for V)

Coefficients constant over long periods
of time

Problem just becomes determining the
coefficient
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Standard Clusters

Not Landolt/Cousins, but well studied
MG67

NGC7790

M11

Not in VSP yet, but I'll put them in soon







Guideline

* Use only a single field per night, but
average results from several nights

 Measure all of the stars possible

» Slope of least squares line is the
coefficient




Summary

 Scientific results are all about care and
iInspection. Look at your images, take
your time. Quantity is less important
than quality.

* The higher your data quality, the more
likely that it will be used by
professionals.




