Observational uncertainties

0 Noise and systematic error
O Propagation of uncertainty
O Upper limits

Good references:

Feigelson & Babu 2012, Modern
statistical methods for astronomy (New
York: Cambridge)

R

M 42 from Mees on 22 F.ebrualry, LRHoaGB.
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https://www.amazon.com/s?k=eric+feigelson&ref=nb_sb_noss
https://www.r-project.org/

Grade logistics

Remember that if you would like to
receive a letter grade for this course,
you need to ask by 29 April: click
here to do so.
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https://secure1.rochester.edu/registrar/fm/SFGradeProcessForm/index.php

Systematic uncertainty and error

Noise is reduced as more and more samples are averaged, as we have seen:
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but not all the variation you see in your signal is noise.

Q

Q

Systematic uncertainty can loom as well, and be much larger than noise.
Different origins from noise, and best bookkept separately.

Calibration is often (usually?) the leading cause of systematic uncertainty, but there are
other correlated sources of variation to meet.

Terminology: Uncertainty indicates a range of values any of which is consistent with
the measurement. Error is a mistake that one should fix. “Error propagation” and
“error bars” really refer to uncertainty and should be rephrased.

Lesson 9 Astronomy 244/444, Spring 2020



Example 1: calibration

Suppose this star, last seen in Lesson 2, is a flux secz  Signal, DN RMS noise,
calibrator. We want to use the ratio of its standard flux, L

and our measured signal, to establish a conversion 177005 589701 921

factor by which to multiply our images. What is the 670 SHSC- ) 0%

o d th t t t o t g th 1.66423 580255 912

noise, and the systematic uncertainty, in the Y R e

measurements? 159942 600976 915

157187 598404 911

1.54544 610460 924

O Aperture photometry, from ATV. 151513 616764 895

1.49098 603075 895

1.46779 604087 937

O The S/N ratio is consistent with that expected from e MY 909

L 141995 622329 923

the sensitivity of the camera (Lesson 1), so the 139955 619199 906

right-hand column does deserve the title “noise.” 117361 631161 901

116076 635084 923

1.15053 639326 947

Q Typically, noise is about 1000 DN. L0775 C U201 8l

113134 639390 940

112060 631739 981

: s 111208 627896 968

O Inlesson 2, we shpwed that the signal exhibited the T 023

expected trend with secant z... 109614 637858 950

1.08728 635993 977

1.08027 633918 979

107360 641335 1005
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Example 1 (continued)

Remove the trend, from this and all photometry subject to the same calibration.
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Example 1 (continued)

The standard deviation of the corrected points is 5733 DN. So the signal and the
uncertainties can be written here as|S = (7.22 + 0.01 + 0.06) x 10° DN.
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Example 1 (continued)

O That the noise in a calibrated image is so much less than the systematic uncertainty
indicates something important: that the relative brightness of objects in the same image
is subject to quite a bit less uncertainty than the brightness in different images.

O This has multiple origins: different PSFs in different images is often the leading effect.

O So for the best precision and smallest uncertainties in a sequence of images, take
advantage of the smaller noise in each:

* Ineach image, measure the ratio of signal for every star relative to one or a few
bright stars in that image.

* In the stack of images, determine the mean ratio of this ratio for each star.

* Correct each image in the stack by this ratio of ratios. Now there will be less
scatter from image to image of all the stellar signals. Gets closer to the noise, the
more stars there are in the image. Overall calibration uncertainty still reflects the
systematics but that is less important than being able to find 1-2% deep transits.
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Propagating uncertainties

0 The fundamental way to propagate uncertainties, or to combine uncertainties from a set
of independent measurements, is already built into

1 n n
X =— X; —x
D T
i=1 i=1
O that is, add the square deviations of each element in the set, and divide by one less than

the number in the set. This is called adding variances in quadrature.

O Presupposes that one has established that the members of the set truly are independent
measurements.
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Propagating uncertainties (continued)

For propagating uncertainties into results that aren’t linearly related to the signal -
magnitudes, for example -- we need one more result. Suppose that our signal is x and we
are interested in the uncertainty in a function f that depends on x. Expand fin a Taylor series
about the average value of x:

so f=f(x

O Since we have kept only first order, we presume that o, < X.
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Example 2: magnitudes

The uncertainty in flux for a certain star is o, What is the uncertainty in its magnitude?

O With f, as the zero-magnitude flux, the magnitude m is

) 25
_251 == (Inf-1 ,
" Og(foj in1o "/~ o)
4 25 25 of
°0 Gfdflnlo( nf-Info)=1 00 7
~1.09-L
f

O If you know your fluxes within 1% -- which is doing pretty well - then you know
magnitudes within about 0.01.
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Measuring noise from your images

O Using ATV for aperture photometry gives you signal and noise automatically, as we
have seen.

0 You can use ATV for photometry on objects besides stars.

0 CCDStack presents in its Information window the mean, median, and standard
deviation of any rectangle you have just clicked-and-dragged in the image. Thereby
you can measure signal and noise for objects of any size.

O Upper limits: if the average signal in an aperture is significantly less than the noise
measured by the square root of the variance (o = \; o° ), then the object is not detected.
An upper limit is then reported.

* Inspectra an upper limit is usually given as 3c.

* Inimages, where 3o bumps are not uncommon, it is better to report 5o upper
limits.

e Beware of basing a lot of science on 5.01 0 “detections.”
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Measuring noise from your images (continued)

'“*_, Mean m42 Sl N.align
File Edit Process Stack Color Window Verzion 2.91 Help

E-d-O0-1F 18 BwE-Hz- BAED @

%

Ll

Image File Mean m4Z SIT N.align

rectangle [%=137,¥=-11& Width=80

diagonal 662.74

# pizels 217,500

# rejected 0 {0.00%)

mean 15.88

STD 3.1%

S/H 438

median 15.81

int mode lg

min 0.17

max 2644

B:G:B razis L1.00 @ L.00 : 1.00
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Example 3: a compact nonstellar object

From [S II], Ha, and [O III] images,
measure the signal and noise from
the compact nonstellar object just

south of 8% Ori A.

See next pages for ATV photometry,
and note that the aperture size is set a
little bigger than the object size. The
sky annulus is kept small enough
that it has no stars, nor much in the
way of light belonging to the bright

02 Ori A.

O The image at right has better
resolution than the images that
were measured.
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Example 3 (continued)

[STI}: $=(3.76+0.04)x10° DN.

Cursor posttion: x= 1732 y= 846

Centering box size |1:|ix}:

Centroid: x=17905y= 8466

Aperture radius; |30.0000
Inner sky radius: | 35.0000
Outer sky radius: |45.0000

Wamings: Mone.

Photometry settings.
Write results to file...

Hide radial profile

17473 7a01 7B 20018201 540

FWHM (pix). 33.0
Sky level:  181.309
[Object counts: 375871)

Uncertainty: 43420

Dane

ap I: ad

40 ac

Lesson 9
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Example 3 (continued)

Ho: S =(3.98+0.03)x10° DN.

Cursor position: x= 1792 y= 846

Certering box size (pix): EI

Centroid: x=1731.8y= 850.1

Aperture radius: |30.0000
Inner sky radius: |35.0000
Outer sky radius: | 45.0000

[Waming: Possible miscentering 7|
Photometry settings...

White results to file. ..

Hide radial profile

174 7E017 301001 S201 §40

FWHM (pix): 34.8
Sky level:  1651.74
[Object counts: 3.58350e+006]

Done

Lesson 9

Astronomy 244/444, Spring 2020
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Example 3 (continued)

Cursor position: x= 1792 y= 846

Centering box size (pix):

Centroid: x= 18006y= 851.0

[OIII]: S$=(2.00+0.2)x10° DN. Posturs s

Inner sky radius: |35.0000
Outer sky radius: |45.0000

[Waming: Profile peak is off center]]

i 1 . Photometry settings... FWHM (pix): -1.00
It looks like the object wasn’t detected in _ e

[O III], despite a signal greater than noise. w::::,::z;:; bﬂfif;;mégiziﬂ
The reason is that the spatial variation in Done

the nebular emission is so large as to be
much greater than noise. In this case it’s
better to report the “detection” as an

upper limit

FE012001 BZ01 840

S <2x10° DN.

100
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