[ecture 6

October 11, 2018
[Lab 4 and Data Calibration



News

* Lab?2

— Due today.
* Lab 3

— Due today.
* Lab4
— Imaging the galaxies M31, M32, and M33.
— Observing starts tomorrow (October 12).
— Due October 25 (tentatively)




Galaxy & Stellar Photometry in Images

* Lab 4: Photometry of M31, M32, and M33

— Measure the projected shape and radial profiles.

— Observe 1n both the B and V filter to get colors,
B—V, which reflect changing stellar populations.

* Lab 5: Measuring the Transit of an Exoplanet

— Determines the radius of the planet (and 1t’s orbital
period 1f observe multiple transits).

* The basic method for both labs 1s to measure
the brightnesses of galaxies/stars in images.

— Will perform differential photometry by using stars
in the field with known magnitudes.
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Photometry 1in Images

* Correct the image to a uniform, linear response.

— Dark current and bias level subtraction either
* done at the telescope with autodark subtraction or

* done by taking separate dark images and subtracting
them from the science images later.

— Need to create an average image of a uniformly
illuminated field (“flat field”) and divide by it.

* The mkflatru command.
* Identify your target and comparison stars.

* Measure the brightness of stars or pieces of
galaxies 1n all of the images.



CCD calibration

If there is significant dark current present:

Science Frame

Dark Frame

Bias Image

Flat Field Image

N/

Science
-Dark
-Bias

Flat
-Dark
-Bias

Sc-Dark-Bias
Flat-Dark-Bias

\ /

Output Image

10



A 300 s dark exposure.

File ColorMap Scaling Labels Blink Rotate/Zoom

Cycle images: 1 of 2 1 Align

<--- ---> DARK  —
Hin= 7,’,127.180 Max= ?8923.0

{ 268, 728) 316,00
-==No WCS Info---

House Hode Invert | Zoonln |
Color | Restretch | ZoomDut |
AutoScale | Zoomi |
FullRange | Center |

Blink Contr‘ol
1] ] 1] pf =] 1]

Animate speed: 2,50 image/sec

__mm

Select animation type
« Forward <, Backward -+, Bounce

Overlay stars |

—

phast: m31.00000041.DARK.FIT (2004x1336)

Imagelnfo

Pipeline




A 300 s exposure of M31 (note hot pixels).

phast: m31v.00000039.FIT (2004x1336)

File ColorMap Scaling Labels Blink Rotate/Zoom Imagelnfo Pipeline

Cycle images: 2 of 2 1 Align

<--- ---> 00000039 —
Hin= 7,2751.55 Hax= :83057.0

{ 1002, B68) 3173.0
——-No WCS Info---

Mouse Mode Invert I ZoomIn I
Color I Restretch ZoomQut, |
Zoont _|
FullRange I Center I

Blink Control
il | ] b =] 1]

Animate speed: 2,50 image/sec

__me

Select animation type
« Forward <, Backward -+, Bounce

Overlay stars I

—




The flatfield produced by the median of dome
eXposures.

800 | phast: Flatv.FIT (2004x1336)

File ColorMap Scaling Labels Blink Rotate/Zoom Imagelnfo Pipeline Help

Cycle images: 1 of 1 I Align
= ———>| Flaty) =
Hin= |§o.so7?79 Max= |§1.02433

{ 303, 0) 0,96450

——-No WCS Info---
House Hode Invert I ZoonIn |
Color — Restretchl ZoomOut |
AutoScale I Zooml |
FullRange I Center |

Blink Control
<l 1) pl = 1=

Animate speed: 2,50 image/sec
| 11

Select animation type

~ Forward <, Backward <~ Bounce

Overlay stars




Raw 1mage (autodark subtracted)

I\ phast: tres3b.00000022.GSC_3089_929.FIT (2004x1336): GSC_3089_929
File ColorMap Scaling Labels Blink Rotate/Zoom Imagelnfo

N0

Cycle images: 1 of 58 I Align

__ - | GSC_3083_929 —

}1175.19 Max= | 525370

{ 1082, 0) 1327.0
No WCS Info

House Mode

ert | om]
lor | Restret | ZoonQut.
AutoScale I oml

FullRange |  Center

Blink Control
1] el 1] p] =] 1=

Animate speed: 2,50 image/sec

R e

Select animation type

~ Forward < Backward < Bounce

verlay stars

—




Flattened 1image = (science — dark)/flat

| e 0o \| phast: 00000022.FIT (2004x1336): GSC_3089_929

File ColorMap i Labels Blink Rotate/Zoom Imagelnfo Pipeline

Cycle images: 1 of 58 I Align

<--- ---> 00000022 — I

Hin= T_{1.242.23 Hax= I £5857.7

{ 414, 0) 1328.4
-=-No WCS Info—--

Mouse Mode Invert I ZoomIn I
Color — | Restretch ZoonQut I
AutoScale I Zooml I

FullRange I Center I

Blink Control
il | 1] pf =] 1]

Animate speed: 2,50 image/sec

__Ee |

Select animation type
« Forward <, Backward <, Bounce

Overlay stars |

 P——




Galaxy & Stellar Photometry in Images

* Lab 4: Photometry of M31, M32, and M33

— Measure the projected shape and radial profiles.

— Observe 1n both the B and V filter to get colors,
B—V, which reflect changing stellar populations.

* Lab 5: Measuring the Transit of an Exoplanet

— Determines the radius of the planet (and 1t’s orbital
period 1f observe multiple transits).

* The basic method for both labs 1s to measure
the brightnesses of galaxies/stars in images.

— Will perform differential photometry by using
stars in the field with known magnitudes.



Observing for Labs 4 and 5

* Imitial planning:
— Decide whether will be observing M3 1east or west of
the meridian.

— Use The Sky to 1dentify a good “guide star’: —
preferrably 10™ magnitude or brighter.

— Plan how to get the guide star onto the small field of
view of the guide CCD.
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Stellar Photometry 1in Images

* Correct the image to a uniform, linear response.

— Dark current and bias level subtraction either
* done at the telescope with autodark subtraction or

* done by taking separate dark images and subtracting
them from the science images later.

— Need to create an average image of a uniformly
illuminated field (“flat field”) and divide by it.

* The mkflatru command.
* Identify your target and comparison stars.

* Measure the brightness of each star (all stars) in
all of the 1images.



®no

Example of running mkflatru

astrolab.physics.rutgers.edu:1 (pryor)

%

pesd

Directory

Select the flat files to combine

Filter

I/home/pryor/lab4/oct18cagp/€laté

Files

pryor@astrolab:~
elp

asgem @

*FIT

Directories

Selection

.

Flat-field, 00000054 ,FIT

IIFlat-Field.00000054.FIT flat-field,00000055,FIT flat-field,00000056,FIT flat-field,00000057,F.

= |

Filter

Eancell

~

% Syntax er

IDL> dir

flat-field.
flat-field.
flat-field.
flat-field.
flat-field.
flat-field.
flat-field.
IDL> mkflat

ror.

IDL> cd, 'octl6cagp/

00000054.
00000055.
00000056.
00000057 .
000000S8.
00000059.
00000060.

flat'

FIT
FIT
FIT
FIT
FIT
FIT
FIT

% Compiled module: MKFLAT.

® e

Pause  Stop

Current Directory: ‘ /home/pryorjlab4d/oct16cagp/flat

-|[a][x
Reset

=0
"|Q o Ew =08

[»)

(«]

Q\ \ B pryor@astrolab:/usr/local/srcfi... H B pryor@astrolab:~/lab4/octl6c... H B pryor@astrolab:~

|© En

Mkflatru:

1) Finds an
average
value for
every input
image.

2) Divides the
image by its
average.

3) Takes the
median of
the stack of
images.

4) Saves the
result in a
file.



Measuring Stellar Brightness

* One Method: Aperture Photometry

— Add up signal 1n pixels within a circular aperture

centered on the star.

— Subtract the contribution from the sky, estimated
from pixels 1n a surrounding annulus.

* Need a “robust”
average sky value that
removes the effect of
any stars present.

— (Relatively) simple.

— How big to make the
aperture?

-

2 aperture_outersky
<~ _aperture_innersky
Nir

O,_:’_f—aperture_radius




Measuring the brightness of an individual star with
RUPhASst using aperture photometry.

In ImExam mouse mode, left-click on your target star to bring up the
aperture photometry window.

000 X phast 0o I\ phast aperture photometry
File ColorMap Scaling Labels Blink Rotate/Zoom Imagelnfo Pipeline Help Object position: (1061,8, 383.2)
- No UCS Info -—-

Centering box size (pix):

fAperture radius (pix): |3.63000

Inner sky radius (pix): |5.63000

Outer sky radius (pix): |8,01000 1088

Cycle images: 1 of 58 I Align
<___| — 00000022 — | Apertures:  FUHH IB.Zl Px  Train 4 Snap To + Centroid < Manual
Hin= Iil242029 Hax= |155B‘57~7 vB wvA wF w6 #K H |10_ BV |D.81 ¥R D42 BR |1.23
( 255, 0) 1338.9
-==No WCS Info-—- Warnings: None
| == Doall 8
FUHH: 3.7 pix SNR : 278.4
touse Hode Invert ZoonIn Photometry settings ... Obj ADU: 108,577
InExam — | Restretch | ZoomOut | Urite results to file ... . Sky SDU: 1’3::
nstr Err:
AutoScale Zoonl Hide radial profile Donel

FullRange Center
Blink Control
S| | ] pf = 1=

Aninate speed: 2,50 image/sec
J J

Select animation type

« Forward <, Backward -+, Bounce

Overlay stars

Radius (




Note the FWHM of the stellar images., Decide on the aperture size.

\| phast aperture photometry

dbject position: (1061,8, 383,2)
=== No WCS Info

Centering hox size (pix):

| 3,63000
?o'.ssooo 2.

1065 1060 1065 1070

Outer sky

Apertures:

— | J— I Warnings: MNone
- g MI SNR ¢ 278.4

FUIHM: 3.7 pix

Photometry settings ... I Obj ADU: 108,577
Write results to file .., I Sky ADU: )

Instr Err: N/A

Hide radial profile I

1

4
Radius (pixels)




Measuring Stellar Brightness

* Choosing an Aperture Size

— Compromise on an intermediate size that contains a
fixed fraction of the light.

® This lab compares the brightness of stars in the same 1image
(differential photometry), so a fixed fractional loss 1s OK as
long as 1t is constant across the image.
— Thus, the size needs to be bigger than the time- and
spatially-variable core of the PSF.

— Rule of thumb: aperture radius =2 x FWHM of the
stellar profile. In this lab, the stars are bright enough
that noise from the sky 1s less important and can err on
the side of even larger apertures.

* Compensates for less-than-perfect guiding and variable PSF.



Shape of a stellar image — the “point spread

function” (PSF)

O T T T T I T T T T l T T T T [ T T T T

l | | 1 1

b , Power-law halo ]
- <€ >\ € > -

Gaussian
core

Al T T T

surface brightness (mag arcsec2)

-1 0 2 3
log r (arcsec)

5 arcmin!

The core is caused by a) the bending
of light in the rapidly changing
inhomogeneous atmosphere — seeing
and b) quality of the optical system
(how well it 1s focused, ...). It often
varies over a night and within an
image.

The origin of the halo is less well
understood, but it is probably caused
by diffraction from the telescope
aperture and scattered light from
dust and “micro-ripple”
imperfections on surfaces of mirrors,
filters, and other optical elements.
The halo is constant at least over the
several nights of an observing run.



Default PhAst photometry just gives counts in aperture and no
uncertainty.

X! phast aperture photometry

Object position; (1061,8, 383,2)
-== No WCS Info -——-

Centering box size (pix):

+

Inner sky radius (pix): |5,639000

Outer sky radius (pix): :3.01000 1058 1080 1DBS

Warnings: Mone
= | ——=>| Do all
—l —I Q 3.7 pix SNR : 278.4
Photometry settings ... | Obj ADU 108,577
Write results to file ... | 2 G R

Instr Err: N/A
Hide radial profile I

> w__N_ﬁl__” e
1
4 8
Radius (pixels)




Measuring Stellar Brightness

* RUPhAst aperture photometry measures (X,y)
position, “object counts” (¢), “sky level” (s in
counts/pixel), and exposure time (¢ in seconds,
from the 1image header).

— Can only measure non-saturated stars.

* Calculates instrumental magnitudes using
— M-

it = 20.3 — 2.5 log4(c/?)
— 6, = 1.086 (c./c) = 1.086((c g + N s g + N 1*)""*/(g c))
* g = gain = (.80 electrons/ADU

* r =read noise = 15.5 electrons/pixel



Change the photometry settings and the apertures.

hast M O O | phast photometry settings

4 TDLPhot Sky Mode

Select Sky Algorithm: <~ Median Sky

+ No Sky Subtraction

v Pix ]
Select Output Units:
4 fArcsecs Magnitudes

Magnitude Zeropoint: |9,000

Color Term: |0,0000

Exposure Time (s):
[ Magnitude = ZPT + CLR*{b-r) - 2.5 loglO{DN/exptime) ]

vNO

Calculate photometric errors
CCD Gain (e-/DN)3 |§1.8
Readout Moise {e-): |35.5

WARNING: Photometric errors only make sense if the
gain and readnoise are given correctly

accounting for scaling or co-adding of images,

Apply Settings I

Cancel

X' phast aperture photometry

383.3)

Object position: (1061,8,
-== No WCS Info ---

Centering box size (pix): |3

Aperture radius (pix

Inner sky radius (pi )2

104010501080107010801080

Outer sky radius (pix

Apertures:  FUHH I?.BB

W Trainl + Shap Manual

B wA wF B 2K H |j? By |§o.s1 Y-R |§a.42 B-R |§1,23

Warnings: Mone

dE=== all
:/” ‘\\: FWHH:  3.4" SNR : 180.8
Photometry settings ... Obj Mag: 12,387 * 0,006 b—

Sky Bkg:
Instr Err:

17.143 £ 0,026
+ 0,006 SHR=5: 16,36

Write resu 1le ... I

Hide radial profile I

éaprﬂd

Radius (pixels)



Measuring Stellar Brightness

* Another method of measuring stellar brightness
uses the shape of a stellar image — the PSF

— For space telescopes (such as HST), the core (and
spikes) are mostly determined by diffraction due to
the telescope aperture. This 1s less variable with time

than seeing (thoughﬂl affected by focus changes).

Stellar “point spread function” (PSF)
for the Space Telescope Imaging
Spectrograph (O’Dowd & Urry 2005)

AN S

:é"—‘zfur'u”r"
W
S

ok




Shape of a stellar image — the “point spread

function” (PSF)

O T T T T I T T T T l T T T T [ T T T T

l | | 1 1

b , Power-law halo ]
- <€ >\ € > -

Gaussian
core

Al T T T

surface brightness (mag arcsec2)

-1 0 2 3
log r (arcsec)

5 arcmin!

The core is caused by a) the bending
of light in the rapidly changing
inhomogeneous atmosphere — seeing
and b) quality of the optical system
(how well it 1s focused, ...). It often
varies over a night and within an
image.

The origin of the halo is less well
understood, but it is probably caused
by diffraction from the telescope
aperture and scattered light from
dust and “micro-ripple”
imperfections on surfaces of mirrors,
filters, and other optical elements.
The halo is constant at least over the
several nights of an observing run.



Measuring Stellar Brightness

* PSF-fitting method:

— Fit a functional form for the PSF plus a constant
sky to the pixel values. Volume under the function
1s a measure of the stellar brightness.

— Bright pixels in the core

have the highest weight 1n
the fit =» better S/N.

— Can measure overlapping
stars by simultaneously
fitting two PSFis.

— But greater complexity and
higher computational cost.




Transformation to Standard Magnitudes

® The simplest transformati

on would be a simple

additive correction, like that for atmospheric

extinction, to account for
telescope and detector.

the efficiency of the

* However, the passbands defined by our filters

and the spectral response

of the CCD do not

exactly match that of the standard system

(which was defined by a |
tube that 1s no longer mad

P21 photomultiplier
e).

— As the following figures illustrate, the shift in the
passband causes the correction to depend on the

temperature of the star.



Absolute Quantum Efficiency
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Intensity or Transmission

The effect of passband shifts on SN photometry

| I

1

Wavelength (Angstroms)

\}ega
Cousins R —+—
900 shifted R =++@-++ -
o f %
' ° Vega, an ordinary star
o -
°
9
°
® 4
°
9
?
® -
ll Q’
.| } _
|
|
}
' >
0 ] 1 i ] ] ] J
3000 4000 5000 6000 7000 8000 9000

10000



Intensity or Transmission

Spectra of ordinary stars

T T T T T T
- K5V star ———
1Itad AQV star seeeeees
10 | S ‘ i
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The effect of a shifted passband will be different for hot and cool stars.




Lab 4: Galaxy Surface Photometry

* (alaxies are not resolved into stars (certainly not
in our telescope!)

— So measure amount of light per area (mag/sq arcmin)

* Measure projected shape of light distribution.

— Shape 1s elliptical to first order.
* “Disky” and “boxy” departures from ellipses are seen.

— Ellipticity and position angle of major axis can vary
with radius.
* Ellipticity: € = 1 — b/a; b=minor axis, a=major axis
* Position angle: angle from North to major axis (measured
positive through east).



Linear Scaling



M32 V

Log Contour plot of [1175:1244,507:576]
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M32 R

Log Contour plot of [1176:1245, 507: 576]
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M31V

Log Contour plot of [1285:1384,736:835]
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Logarithmically spaced contours (select log scaling in RUPhASst)



M31V

Log Contour plot of [1038:1637,485:1084]
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Lab 4: Galaxy Surface Photometry

* (alaxies are not resolved into stars (certainly not
in our telescope!)

— So measure amount of light per area (mag/sq arcmin)

* Measure projected shape of light distribution.

— Shape 1s elliptical to first order.
* “Disky” and “boxy” departures from ellipses are seen.

— Ellipticity and position angle of major axis can vary
with radius.
* Ellipticity: € = 1 — b/a; b=minor axis, a=major axis
* Position angle: angle from North to major axis (measured
positive through east).



Lab 4: Galaxy Surface Photometry

* (alaxies are not resolved into stars (certainly not
in our telescope!)

— So measure amount of light per area (mag/sq arcmin)

* Measure radial profile of light distribution.

— Ideally on ellipsoidal contours
* Galsbmag ru uses circular apertures.
— Choosing a local “sky” level 1s critical since galaxy
profiles quickly become fainter than it.

* galsbmag ru, img, xcen, ycen, rmax, sky, skyunc,
img_scale, m,,title



Log Scaling




M32 Profile
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M3Z Profile
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Surf Bright (mag/arcsec2)
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M31 Profile

I I
B 1 L= — L1 — [ b v | _ 1 | | — L1 1 — L1 1 — 5
<+ W0 o0 = o + %) o
= -~ o ™ [ -~ [ ™
{zwossun /Bowl) sssuybug sopung

200 300 400

radius (arcsecs)

100



M31 Profile
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