PREMVIOUSIIECTURE:

COMPARING DATA WITH A MO
LEAST-SQUARES FITTING

MAXIMUM LIKELIHOOD METHOD:
GAUSSIAN DATA

CONFIDENCE LEVELS
MONTE CARLO SIMULATIONS

OUTLIERS!




TODAY:

“REAL” MAXIMUM LIKELIHOO
METHOD: POISSONIAN DATA

FINDING PERIODICITIES IN DATA

o | OMB-SCARLE DIAGRAMS
® PHASE DISPERSION MINIMISATION

® FOURIER TECHNIQUES

COMPARING TWO DISTRIBUTIONS
K5 TESE

OAF2 CHAPTER 6.1 & 6.2
SEE NUM RES CHAPTER 13.8, 14.3, & 14.7

2




N\
v
N
0
l_
Z
2
O
O

©
[ —

O
o
[ —

—
CDI
OV




EXAMPLE SIMPLE MONTE CARLO SIMULATION 11

PHASE BINNING
ti)
T

i
gt
b

HoOow OFTEN DO WE HAVE TO OBSERVE THE
SYSTEM WHEN OBSERVING AT RANDOM TIMES
RO CEllal- EACHz@EN 1O .PRASE BINS?




MAXIMUM LIKELIHOOD METHO
(POISSON NOISE, UNBINNED DATA)

PROBABILITY TO FIND ; PHOTONS WHEN
m; EXPECTED

FOR EACH PIXEL?IN AN IMAGE

FOTAL PROBABILITY L' = HP@'
i

bl = ZlnPi == Znilnmi — Zmi — Zlnni!

MINIMISE lnLE—Z(Znilnmi—Zmi)







DETECTION OF A CONSTANT BACKGROUND, A, PLUS
A SOURCE OF STRENGTH B OF WHICH A FRACTION
FALLS ON PIXEL 1

—0.5InL = an In(A+ Bf;) — Z(A Selo) i

1

AGAIN SEARCH FOR THE MINIMUM OF L FOR
VARIATIONS IN A AND B

fi DETERMINED INDEPENDENTLY IN SOME CASES
TOTAL PIXELS Z

Oln L N n;
DA :Oj;Athfi ;(1):;A+Bﬁ 4=

GlnL nzfz o nzfz he
9B _O:>ZA B ;(fi)_;A+Bfi 1:=3()
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PERIOD FINDING |

UNEVENLY SAMPLED DATA: LOMB-SCARGLE

e | 2 1 712
MEAN h = Nzhi VARIANCE 0° = Z(h" — h)

el

i
LEAST-SQUARES FITTING OF
h; = Acos(wt;) + B sin(wt;)

TO THE DATA

’

1 [ [Z;(h; = R)cosw(t; — 1) [3;(h; — R)sinw(t; — 1)

Pn(w) X

kAo X 40084 Wi =) | D Sl Gl =l

SPECTRAL POWER AS A FUNCTION
OF FREQUENCY W

\ /

Zj S1n 2wtj
D €08 2wt

T CONSTANT=tan(2wr) =

9
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PERIOD FINDING Il

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
| >
N
) (z;—%)® VARIANCE IN THE DATA
=
CHOOSE M SAMPLES WITH Tk POINTS IN SAMPLE J

2
) VARIANCE IN ONE SAMPLE

STELLINGWERF 1978, APJ; 224, 953




PDM (CONTINUED)

M
2 y:k—1(nk i 1)3%
224:1 ng — M

0.2

= — WRONG PERIOD G-
s

S VARIANCE IN THE SAMPLES

VARIANCE IN THE SAMPLES=VARIANCE IN THE DATA

“RIGHTL PERIOD OL]

SCRAMBLE DATA IN A MONTE CARLO SIMULATION TO
CALCULATE SIGNIFICANCES
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K=5. TESTE

AN ADVANTAGE OF USING
R=SsSTATRISTIC

THE DISTRIBUTION CAN BE
CAlL CULATED IN-THE CASE-OF THE
NELEE S Y PO H S S

O

QKS(ZC) =8P Z(_l)j_le_szfEQ

j=1

0.11
vV Ne

N1 N>
WITH N = N NUMBER OF oOR N, =

DATAPNTS Vg
| DISTRIBUTION o Ol S TR BT IO NS

Probability (D > Dobs) == QKS([V N, + 0.12 4 D])
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210: K=" T EST

i > i(zi — Z)(y; — §)
DL =l N/ skt )

R=CORRELATION COEFFICIENT




