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Introduction: Multifractality theory provides an elegant statistical characterization of many complex dynamical variations in Science, in particular, in Stellar

Astrophysics. This work investigate the multifractality properties of CoRoT Light Curves. Speciality, we studied this behavior on stars with planet and without detected
planet. We use Multifractality Detrended Fluctuation Analysis (MF-DFA) to study light curves fluctuations. We develop a model to test the relationship between these
Kind of light curves and the multifractality degree. Our preliminary results reveal a robust evidence that higher multifractality Is associated with a presence of planet.

Methods and Procedures: Our study proposes to investigate the multi-similarity and multifractal nature between the Sun and three stars from the Kepler satellite

rotationally analogous using a powerful statistical tool denoted by MultiFractal Detrented Fluctuation Analysis (MF-DFAmM) method with free polinomial exponent able to
eliminate trends of order “m” In the profile (Kantelhardt et al. 2002) . This method consists of a multifractal characterization of nonstationary time series, based on a
generalization of Detrended Fluctuation Analysis (DFA). This last method Is effective for characterization of the monofractal time series. This type of time series has the
same scaling properties throughout the entire signal indexed by a single global Hurst exponent. On the other hand, multifractal time series reveal a wide Hurst exponent
spectrum which quantify the local singular behavior and thus relate to the local scaling of the LC. Thus, the Hurst exponent defined by DFA method represents the average
fractal structure of the LC, denoting the central tendency of multifractal spectrum. In addition, the MF-DFA approach for LC has the potential to describe a wide class of
time series that are more complex than those characterized by a single scaling exponent as in case of the DFA.

| | | ] | | | ] Scaling function Fq (q-order RMS) g-order Hurst exponent
- I | it | 2 o
: 1 datal
3 000 |- _;—f w § ] 1.9 @ Hg(-5)=1.9612
= \ : _. ] N ® Hq(0)=1.7793
| | __ @; o1 @ Hq(5)=1.6345
-o0. | (@)}
y _ e e " o> ons  oame 2840 2860 2880 2900 2920 2940 2960 2980 3000 9
e CO:;OT Tme . oo e adeo ma i aaes e 10 Sione =g .
—q =5
= 1s 5 -1116 32 64 128 256 512 1024 1'6-5 4 -3 -2 -1 0 1 2 3 4 5
§ § g Scale (segment sample size)
z 12 2 g-order Mass exponent > daal
10¢ 1 o Du(5)=068702
0.95} hq(-5) =2.0237
5' =
Delay Time (days) Delay Time (days) Delay Time (days) 0.9 ® qu((oo))=11.7738
, | 0.06 . . . . 0 | _ 0.85 ® E?&S))—szé)f?
2 ® 1tq(5)=7.1725 o %8 =
_ _ @ Hq(-5)=1.9612
3 3 104 @ Hqg(0)=1.7793
Y3 2 1 o0 1 2 3 4 5 21 22
0.00 001 0.0 o, . o. o0z o _ _ . . o, . “o.0a g
Scaling function Fq (g-order RMS) g-order Hurst exponent . Scaling function Fq (q-order RMS)
7 2r
© datal datal
gl - @ Hq(-5)=1.7323 -8} ) A Hq(5) =1.9001
—~ | e @ q=-5 1.5 @ Hg(0)=1.5011 = NPT S S ey o = q =- Hq(0) =1.6122
T o4 ® =0 o ’ @ Hq(5)=0.77311 TN ® =0 Hq(5) =0.65372
g()\] ’ @ g=5 = Sc)\l @ (=5
_ 4 — —qg =5 1 -10 —( =-5
-10; Slope = Hq o 4 —q =0
q =0 g
—q =5 . . . . N R | . . . . | | | . :
-1116 3I2 6I4 1é8 2;36 5i2 10l24 0'5_5 _Alr _é _é _i 0 1 2 3 4 5 -1]16 32 64 128 256. 512 1024 0'5-5 4 -3 -2 -1 0 1 2 3 4 5
Scale (segment sample size) Scale (segment sample size) q
g-order Mass exponent g-order Mass exponent Multifractal spectrum o
5¢ 1 5r 1r 5 00O O .,%h
5
@)
0.8 ol 0.8} o ° ’
of = 0.6} 5 O O datal o datal = 0.6} o o ° O datal )
5) = o 5} -5) =0.59456
2 @ tq(5) =2.8655 O 4l 0" ® Eq%;):ffg%llls = @ tq(5)=2.2686 S| 0° * qu(fé):l_fgff
@ Hq(-5)=1.7323 o0 @ Du(0)=1 @ Hq(-5)=1.9001 ~ @ Du(0)=1
\\\\\ ® Hq(0)=15011 0ol ’)O ha _..-ha . =1.207 hq(0) =1.4874 -10g ® Hq(0)=1.6122 ool hg _ -ha . =1.4946 hg(0) =1.5813
@ Da(5)=0.23015 @ Dd(5)=0.16437
S | | | | | hq(5) =0.61914 . . o | o | | | | | | | | _—~  hq(5)=048659
== 1 o0 1 2 3 4 = 324 06 08 1 12 14 16 18 2 = o> a1 o0 1 2 3 4 32 06 08 1 12 14 16 18 2
g hq g hq
0.1r Time series
0.02 Time serigs §
S  of 3 0
2 £
E 002 < 01 I ! | l l |
0,04 I I . l — l ! I l | l 12 i Ht: scale =4 —
21 t' scale =4 —Ht = 14 mode Ht=1.3329
2 12 o mooleL| ?t;ggggs 1-% : max Ht =1.7395
_ max Ht =1. B min Ht =0.84386
1.4 B minHt=1.3097 0.8k ' ' ' ' ' '
] ] | ] ] ] | ] J 1.8 t: sc |e =64
) _ _ i ; —
12_ l l scale 64 — Ht I = 1:2- h ."“ Il ”'|'il'|"Jer“'n|"" I.I_lJ”” l”” ,’.Jl mrhlh WA , T"‘”H L h.‘l .“” ||A.|.v| [l" i ‘I]'.[. u| '|] .|V:|i o mtode Ht =1.3329
- 18l mode Ht =1. . I T (W T Vi WO TP TRl max Ht =1.7698
L 16 .Lnl,hillu, 1A _ll“l‘“ll“ 1_‘“[““““lMlduLaﬂ,iHJl'.,‘l““.l“l“‘lll @ maxHt=2.1022 12 I ’Mw ] ‘ 1 I ‘ ‘ 1 W | ““" T’"W r ’ W w T“ T T r W \r o m;Htt=O.82088
1.4_ AAETAR VSR VAN, W GE VA A U ARV "1' J !TY!'Y'!!l]l]f'l B minHt=1.3604 08 | I | I |
0 2000 2000 5000 5000 10000 72000 14000 76000 18000 ° 0 . ime (Samtli number) ? 2 105’
time (sample number) . o . X
Scaling plot Prob. distribution (Ph) of Ht Multifractal spectrum (Dh) 0 Scaling plot 0.015 Prob. distribution (Ph) of Ht 1 Multifractal spectrum (Dh)
0 0.015 1
~ 5
o 0.01 0.5 = i 0.01 O'SN/
= X 10 < <
%“ ; S 0.005 e 0 ?N 15 B 0.005 > 0
o -15 - S .
207 - T = = 0 T T Y 0.5 T T T R 20 Scalé(se mei;?sam |e3§ize) 64 %8 1 12 14 16 18 038 1 12 ] 14 16 18
scale (segment sample size) Ht Ht 9 P Ht t
Results and Conclusions:
g N The purpose of this work Is to characterize the intermittent behavior of
1 ime series i i i i !
3 three CoRoT Light Curves with signatures of rotational modulation,
= OH - - - - - - - -
E planetary transit and binarity, respectively, in term of their multifractality
_ ] ] | ] - - - -
o e eonle and interpret the degree of multifractality as a measure of their
L ¢ ' — Ht ; ; .
o 16 Pl il i Al n kbt il bl N meti=iazes|  complexity. In this context, we showed that there is a degree of
1.2 ii @ maxHt=1.7203 ; ; ; ] ]
@ minHt=0.84526
L , , | | | complexity obtain by broadness or width of the singularity spectrum
s N, MM Htsmeﬂijﬂﬂﬂ bllih AN TIETR NI o D(h) denoted by hq(max)-hg(min). This new approach way bring an
o 1o fehlbla Al L LAY L1 Afy A LA AN, i A DALETAM L J A AN mode Ht =1.4286 .. . i . . : i
e R T @ maxHi=1676 Insight into the different mechanisms which control different signatures
-1 @ minHt=0.87513 - h I - h
08 L L L L J In the lignt curves.
time (sample number) x 104
Scaling plot Prob. distribution (Ph) of Ht Multifractal spectrum (Dh) _ _
0 0.015 1 Prof. Dr. Daniel Brito de
~ Freitas. ;
2 12 _ oo _ o N \ References: reitas. Contato
= & oo Q. | De Freitas et al. (2014), Nature, in preparation Prof. Adjunto I, DFTE,
o -15 ]
N | | | | 0 _ | . | | | «Sen (2007), Solar Physics, 241, 67 UFRN.
P scale (segmentsamplogize) oS o ? 03 o b 2 Kantelhardt et al. (2002), Physica A, 316, 87
lvanov et al. (1999), Nature, 399, 461



mailto:danielbrito@dfte.ufrn.br

