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e arXiv:astro-ph/9/0/7246v1 22 Jul 199/
» Sandage, Tammann & Yahil (1979): STY

B P(M;) Ng
p(M;, z;) = i\/lfaint(z-i) qb(M)dM. L= Hp(Mi-, ;).

1=1

e stepwise maximum likelihood method (SWML)
 Efstathiou, Ellis & Peterson (1988, EEP)
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d(M) = ¢, Mp— AM/2 < My, < My +AM/2, k=1,...,N,.
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Table 15.1. Galaxy luminosity functions in different bands.

Band o AM* —S5logh ¢* /(h3Mpc—3) Reference

u —0.9240.07 —17.93+£0.03 (3.05+£0.33) x 1072  Blanton et al. (2003)
g —0.894+0.03 —19.39+0.02 (2.18+£0.08) x 1072  Blanton et al. (2003)
r —1.054+0.01 —20.44+0.01 (1.4940.04) x 10=2  Blanton et al. (2003)
i —1.004+0.02 —20.82+0.02 (1.47+0.04) x 1072  Blanton et al. (2003)
4 —1.084+0.02 —21.18+0.02 (1.3540.04) x 1072  Blanton et al. (2003)
J —1.104£0.04 —22.85+0.04 (0.71£0.01) x 1072 Jones et al. (2006)
H —1.114+0.04 —23.54+0.04 (0.72+0.01) x 1072 Jones et al. (2006)
K —1.164+0.04 —23.83+0.03 (0.75+0.01) x 1072 Jones et al. (2006)
by —1.214£0.03 —19.66+0.07 (1.61£0.08) x 1072  Norberg et al. (2002b)
Near-UV  —1.12+£0.10 —17.7740.15 (1.22+0.20) x 1072  Budaviri et al. (2005)
Far-UV —1.104£0.12 —17.20+£0.14 (1.30£0.20) x 102  Budaviri et al. (2005)
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Hl mass function
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7] FoliE2> (redshift distortion)
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stellar mass - binding energ relation
(Shi et al. arXiv:2109.00114
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Extended Schmidt law (Shi et al. 2011)

Extended Schmidt Law
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Sub-kpc
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log SFR log M Integrated Kennicutt-
s & Wz Schmidt law

log sSFR

Dou et al. 2020
arXiv:2010.035/79
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Fundamental metallicity relation

* M., gas-phase metallicity, SFR (Mannucdi et al.2010)
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resolved MZ relation: Surface mass density Barrera-Ballestero et al. 2016
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Famous linear scaling relations
In astronomy

* period -luminosity relation of Cepheids
* Mgy-orelation
o Tully-Fisher (L -V

Mmax

) relation
« Fundamental plane of ellipticals
 [-], [-orelation of groups and clusters

* All are statistical scaling relations, none of them
are Tirst principle like F=ma



Nature of the scaling relations

* Observables: (x, y,) with error (A, ;, A)

X, 17

e First, we should find some correlations, e.g. rank analysis

* To the first order, all the correlations are linear
cY=a*X+b+o

* ¢ Is the intrinsic scatter, may not be a constant

» Observables maybe biased

* e.g. some low-luminosity galaxies are not observed

* Some observables may only be upper limits

« e.g. we only get the upper-limit of L, of some cluster



Ordinary Linear regression OLS(y/|x)

* v, With measurement error o,

N yi —a — bx; 2
2 b _ (’E__?,)
lab) =) -

i=1

Code: fit in numeric recipes



Error on both x and vy

Code: fitexy in numeric recipes

b ~ biased to infinity



Chi2 statistics
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different linear regression methods

* Linear regression in astronomy |

(1990, ApJ,364,104)

Linear Regression - statsmodels 0.15.0 (+520)

X

Fia. 1. —Mustration of the different methods for minimizing the distance of
the data from a fitted line: (@) OLS(Y | X), where the distance 1s measured
vertically; (b) OLS(X | Y), where the distance is taken horizontally; (c) OR,
where the distance is measured vertically to the line: and (d) RMA, where the
distances are measured both perpendicularly and horizontally. No illustration
of the OLS bisector is drawn in this figure.


https://www.statsmodels.org/dev/regression.html

Error on both x and y and with a
constant intrinsic scatter o

l
InL = — EZ In (0 + Jif + EI?'(T_E;')

2

I
v: — (ax; + b
a Z [J: ( 2* 3] s— + constant.
—~ 20t o7 +a%a}l)




BCES : bivariate, correlate errors and scatter
(Akritas & Bershady, ApJ 470, 706 1996)

* Regression with correlated measurement errors
and intrinsic scatter
 allows for measurement errors on both variables

 allows the measurement errors for the two variables to
be dependent

* allows the magnitudes of the measurement errors to
depend on the measurements

e Intrinsic scatter: constant
* bces - PyP|



https://pypi.org/project/bces/

Eddington(Malmquist) bias

* Distance dependent observable

2T

 Eddington (1915), Malmquist(1920)

* In magnitude limit sample, more
faint source scattered in than
bright source scattered out

(N

Luminosity log L,

* [fwe fit M = alog W+ b, a will :
be biased to smaller values s

Obv us I\/Ialmduist bias here
« FitlogW =a M + D' is better : 2t gl ey |

1.0 1.5 20 25
* At given M, no obvious in W e



Robust estimation

NArrow

. . /cemmlpeak
e Data with outlier

S y; — ylxr;ia) tail of
MInimmiFe OvVer a E 2

/’ outliers
T SEETE -

(@)

™~ rabust straight-line fit

(b)
See /\/umel"lc /’eCZIDeS C75 7 Figure 15.7.1. Examples where robust statistical methods are desirable: (a) A cne-dimensional

distnbution with a tail of outliers; statistical fluctuations m these outliers can prevent accurate determination
of the position of the central peak. (b) A distribution in two dimensions fitted to a straight line; non-robust
techniques such as least-squares fitting can have undesired sensitivity to outlying points.



Truncation, censored data

o
!

 Linear regression in astronomy (1992ApJ...397...55)
» Feigelson & Nelson (ApJ 1986)

e  GitHub - rsnemmen/asurv: ASURV: Astronomy SURVival analysis



https://github.com/rsnemmen/asurv

A more straight-forward way

First, at given bin of x, what is the distribution of y after correction
for selection bias?

* Isy Gaussian distributed? What is the scatter compared with its
measurement error?

Then what is the PDF(y|x) changes as function of x

e |s this relation linear or non-linear?

What is P(x)? (luminosity/mass function)

P(x,y)=PX)*P(y[x)



L — R relation of galaxies (Shen

et al. 2003)

S W s~ MO N A OO0 N O O N O O

We find, after correction
for selection effect, at

given Mr, Log R is
intrinsically Gaussian
distributed.

Data (s

biased here
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Ry (kpe)

T 1n(Ry,)

10

0.6

0.5

0.4

0.3

0.2

o Early type (c>2.88)
s late type (c<2.86)

Intrinsic scatter is not a constant

We plot P(R|M) as
function of M.
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e Astrostat Club - cluster

* arXiv:.2411.08747

* XBUDMEREY X, YRUIMENRZEADX, YZIBHFERE
GISIYNL-I==)

Table 1. Comparison of Different Regression Methods

Method P(x) P(Xerr|x)  P(y|x,8)  Optimization Objective

ML based method (This work) NF NF Any Likelihood/Posterior

KS-test based method (This work) NF NF Any p-value of 2D KS test
OLS/WLS Linear Likelihood
ODR/wODR Uniform . Linear Likelihood
mODR Linear Likelihood
LINMIX/ROXY GMM v Linear/Any Posterior

Leopy Input (heuristic) Any Likelihood /Posterior
LtsFit Lincar Likelihood

NOTE—P(Yerr|y) is modelled by the same method as P(Xerr|X).


http://cluster.shao.ac.cn/wiki/index.php/Astrostat_Club

e EAl

» RIRIERUIGRRYDRS R
s ETER (Se) HZEEIeIR

| ecture Notes for Download — Frank van den Bosch



https://campuspress.yale.edu/vdbosch/lecture-notes/
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