PREVIOUS
LECTURE:

REAL” MAXIMUM LIKELIHOO
METHOD: POISSONIAN DATA

FINDING PERIODICITIES IN DATA
e LOMB-SCARLE DIAGRAMS

e PHASE DISPERSION MINIMISATION

e FOURIER TECHNIQUES

OAF2 CHAPTER 6.1 & 6.2

NUM RES CHAPTER 13.8, 14.3,14.5 & 14.7
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PERIOD FINDING 1]
PHASE-DISPERSION MINIMISATION: PDM

FOLD DATA GIVEN A TRIAL PERIOD IN M BINS

CALCULATE THE VARIANCE IN EACH BIN

LARGE VARIANCE
NOT THE RIGHT PERIOD
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STELLINGWERF 1978, ArPJ, 224, 953




LIGHT CURVE AND FOLDED LIGHT CURVE
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O 20
MJD-53475 (DAYS) PHASE O-1

HERE INDEPENDENT BINS, COULD
ALSO HAVE “SLIDING WINDOW” BINS,
EACH DATA POINT IN MORE THAN 1 BIN




PDM (CONTINUED)

1(nk — 1)32
— M

VARIANCE IN THE SAMPLES

WRONG PERIOD O=1

VARIANCE IN THE SAMPLES=VARIANCE IN THE DATA

“RIGHT” PERIOD O« 1

SCRAMBLE DATA IN A MONTE CARLO SIMULATION TO
CALCULATE SIGNIFICANCES




TODAY

CORRELATIONS
STUDENT’S T

PEARSON’S R

SPEARMAN’S RANK

SCIENCE PROJECTS AT SRON




STUDENT’S T
HOW DIFFERENT ARE TWO MEANS?

o, — D icalTi — Ta)” + i (Ti — TB)” 11 -
a Ni+Np—2 N,y = Np

STANDARD ERROR ON THE DIFFERENCE IN THE MEANS

SIGNIFICANCE IN t: IS DISTRIBUTED AS t’S DISTRIBUTION WITH

Ny + Np — 2 pecrees oF FREEDOM




WHAT IS STUDENT’S T
DISTRIBUTION?

NUMERICAL RECIPES CHAPTER 6.4

v

A(tly) = ! ST
(|V)_V1/QB(%7%)/15 "7 €T

A(t‘y) IS OFTEN NUMERICALLY CALCULATED WITH AN INCOMPLETE BETA FUNCTION

(SEE NUM RES EQUATION 6.4.9)

THIS CAN BE EXPANDED TO CASES WHERE THE TWO MEASUREMENT SETS A AND B
HAVE DIFFERENT VARIANCES.




LINEAR CORRELATION
PEARSON'S R FORMAL DEFINITION OF PEARSON'S R

by — cov(a,y)  E((X — pa)(Y — piy))
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SIGNIFICANCE & CONFIDENCE REGION? BOOTSTRAP!
MAKE NEW RANDOM PAIRS X; AND Y, AND REPEAT CALC R




ANALYTICAL APPROX
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IN THE CASE OF THE NULL HYPOTHESIS OF UNCORRELATED X AND Y

PROBABILITY THAT |7°‘ > |r0bs‘ by chance = erfc
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NON-PARAMETRIC CORRELATION

SPEARMAN'S RANK

d; = x; — Y

DIFFERENCE BETWEEN RANKsS [U; AND U;

SIGNIFICANCE & CONFIDENCE REGION? BOOTSTRAP!
MAKE NEW RANDOM RANK PAIRS X; AND Y; AND REPEAT
CALC RHO




IF SAME DATA VALUE APPEARS MORE THEN
ONCE:

ASSIGN SAME RANK TO THE DATA WHERE

VALUE IS THE SAME: AVERAGE RANK!

RANK RANK
1 OR 2 1.5




EXAMPLE SPEARMAN'S RANK (FRoM WIKIPEDIA)

IQ HOURS OF TV PER WEEK
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SUM OVER 1:)12 = 194, N=10, RHO



http://en.wikipedia.org/wiki/IQ
http://en.wikipedia.org/wiki/IQ
http://en.wikipedia.org/wiki/TV
http://en.wikipedia.org/wiki/TV

SCIENCE AT SRON STAFF MEMBERS
B WiM HERMSEN: PULSARS, INTEGRAL DATA

E JEAN IN 'T ZAND: TYPE | X-RAY BURSTS (MOSTLY
BROADBAND X-RAY SPECTRA

B JELLE KAASTRA: CLUSTERS OF GALAXIES, ISM
STUDIES (HIGH-RESOLUTION X-RAY
SPECTROSCOPY)

B ELISA COSTANTINI: ISM STUDIES, AGN (HIGH-
RESOLUTION X-RAY SPECTROSCOPY)

B LuciEN KUIPER: PULSARS, INTEGRAL SOURCES
(X-RAY TIMING, BROADBAND X-RAY SPECTRA)




EF’ETER JONKER: LOW-MASS X-RAY BINARIES, NEUTRON
STARS & (INTERMEDIATE MASS) BLACK HOLES

OPTICAL: SPECTROSCOPY/PHOTOMETRY
X-RAY: ASTROMETRY, PHOTOMETRY, SPECTROSCOPY




Predictions:

0 1

CVs ~450
qLMXBs ~350

UCXBs ~50
RS CVn ~550
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Details of Galactic model: Nelemans et al. 2004



GALACTIC BULGE SURVEY
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Galactic longitude
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CORE GROUP OF PEOPLE WORKING ON THE GBS:
ME (PI)

EVA RATTI (PHD STUDENT)

GI1JS NELEMANS (NIJMEGEN UNIV)
LENNART VAN HAAFTEN (PHD STUDENT, NIJM.)

DANNY STEEGHS (WARWICK UNIV, UK)

MANUEL TORRES (HARVARD-SMITHSONIAN CFA
BECOMES MY POST-DOC, MAY 1)

SEVERAL STUDENT PROJECTS, INCLUDING MASTER
STUDENT PROJECTS




