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Introduction Transiting planets

Transiting planets

Figure: Scheme of an exoplanet transit.

Marco Cilibrasi (UNIPI) Extrasolar ring-like candidates detection Summer Student Exam 3 / 21



Introduction HATNet & HATSouth

HATNet & HATSouth

Figure: HATNet telescopes at FLWO, open for servicing during the day, and the
HATNet telescope mount, camera, and lens. Photo credit: Gaspar Bakos.
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Introduction Principal problems

Principal problems

non-professional instruments lead to noisy and imperfect data

→ lot of data analysis work and algorithms

we can detect only big ring-systems, but within the Hill sphere

→ RH = a
(

Mp

3M?

)1/3
⇒ a very big, very long period

⇒ long period means no periodicity:

→ we don’t have repeated events to distinguish from random error dips

→ we can’t predict next transits for better instruments → literature
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First lightcurve analysis

First lightcurve analysis
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First lightcurve analysis Data collection, FITMag & EPDMag

Data collection, FITMag & EPDMag

Typical data file:

sky divided into 200 fields → star sorted by brightness

# of the instrument and # of the image → time in HJD

3 different apertures → magnitude, standard error and flag (G,X)

3 different stage of filtering: FITMag, EPDMag, TFAMag

FITMag ⇒ zero-point correction based on all the stars

EPDMag ⇒ remove variations correlated with changes in instrumental
parameters
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First lightcurve analysis Data collection, FITMag & EPDMag

Figure: Typical data file, this is the 490th brightest star in the 144th field
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First lightcurve analysis TFAMag

TFAMag

target time-series Y (i); i = 1, 2, ...,N

current best estimate (average first) A(i); i = 1, 2, ...,N

template set Xj (i); i = 1, 2, ...,N; j = 1, 2, ...,M

⇒ F (i) =
∑M

j=1 cj Xj (i)

minimize D =
∑N

i=1[Y (i)− A(i)− F (i)]2
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First lightcurve analysis TFAMag

gj ,k =
∑N

i=1 Xj (i)Xk (i) ; j , k = 1, 2, ...,M

hj =
∑N

i=1 Ȳ (i)Xj (i) where Ȳ (i) ≡ Y (i)− A(i)

Minimizing D ⇒ cj =
∑M

k=1 g−1
j ,k hk

⇒ A(i) = Y (i)−
∑M

k=1 ck Xk (i) untill σ2 < 10−3

where σ2 = D
N−M
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First lightcurve analysis TFAMag

Figure: A trend filtering algorithm for wide-field variability surveys
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Searching algorithms

Searching algorithms
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Searching algorithms BLS algorithm

BLS algorithm

Strictly periodic signal xi , period P0

Binned time series x̂i → nbin bins

Only two discrete values, H and L

Time spent in the transit phase L is qP0

Zero-average time series ⇒ H = −L q
1−q

Folded time series x̄i for a given trial period P.
Step function with lower level L̂ at [i1, i2]

Minimize reduced least square

D = 1
N

[∑i1
i=1(x̄i − Ĥ)2 +

∑i2
i=i1

(x̄i − L̂)2 +
∑n

i=i2
(x̄i − Ĥ)2

]
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Searching algorithms BLS algorithm

Minimization ⇒ L̂ = s
r ; Ĥ = − s

1−r

where r = i2−i1
N and s = 1

N

∑i2
i=i1

x̄i

⇒ D = 1
N

∑n
i=1 x̄2

i −
s2

r(1−r)

then we search for SR = MAX
{√

s2(i1,i2)
r(i1,i2)[1−r(i1,i2)]

}
⇒ Dmin = 1

N

∑N
i=1 x2

i − SR2
MAX

Interesting parameters

δ ≡ H − L ⇒ SNR = δ/σ(xi )

SDE =
SRpeak−<SR>

σ(SR)
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Searching algorithms BLS algorithm

Figure: A box-fitting algorithm in the search for periodic transits
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Searching algorithms BLS algorithm

In our case → no periodic events ⇒ new parameter

χ2
lin = 1

N

∑N
i=1[xi −mean(x)]2 ⇒ χ2

ratio =
χ2

lin
Dmin
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Figure:
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Searching algorithms Histogram algorithm

Histogram algorithm

BLS → flag transit points ⇒ count transit occurences
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Figure: TFA histogram
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Searching algorithms Histogram algorithm

x axis : number of flagged transits in a certain image (%)
y axis : number of images with that number of transits (tot number)

→ Poisson distribution ⇒ threshold cut (∼ 0.2)
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Figure: FIT & EPD histogram
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Searching algorithms PCA algorithm

PCA algorithm

Xij is the j th (over P) observed point of the i th (over N) lightcurve

Correlation matrix ⇒ Sjk = 1
N

∑N
i=1 Xji Xki

Find eigenvectors sorted by eigenvalue ut and define PCt(i) =
∑P

j=1 Xij u
t
j

Figure: Reproduction example: Fourier vs PCA, 9th order
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Searching algorithms PCA algorithm

Two possible solutions:

1 subtraction : X fin
ij = Xij −

∑n
k=1 < Xi ,u

k > uk
j

2 correlation and cut : C t
i =< Xi ,u

t >=
∑P

j=1 Xij u
t
j

We adopt the second solution, cutting over an arbitrary threshold
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Future developments

Future developments
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Future developments Ring transit modelling

Ring transit modelling

Figure: Panel (a) shows a ring system inclined with a star passing behind it.
Panel (b) shows the resultant light curve I (t). Panel (c) highlights the three
significant epochs in the rate of change of ring radius G (t) = dr

dt . [3]
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Future developments Ring transit modelling

G (t) as a function of geometrical parameters, measured dI (t)
dt ≡

dI (r)
dr G (t)

best fit ⇒ geometry & dI (r)
dr → opacity τ(r)

Figure: Model ring fit to J1407 data. The lower graph shows the model
transmitted intensity I (t). [3]
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Thank you for your attention
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