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Large solar flares are the most powerful eruptions in the solar system. The Extreme ultraviolet Imaging Telescope (EIT) on bord of SoHO provides a high resolution and very
complete sampling of the solar corona in time, space and brightness, thereby alloning large statistical studies of EUV flares. Such studies will improve significantly our capacity to search for flare
precursors and to make reliable predictions.

. : : . . , . We consider a coronal data set constituted of a sequence taken by the
In this poster, we propose a method to detect automatically EUV flares belonging to dass B to X anywhere on the solar disc, and at the limb. A new flare catalog called 'B2X is EIT telescope in the 19,5 nm pass band (dorminated by Fe X

presented. It contains characteristics of flares such as time, localization and size (width). The procedure is based on a multi-scale approach, the Continuous Wavelet Transform: and more precisely ermission) :

we use the Mexican Hat Wavelet and the Wavelet Spectrum The shape of this spectrum is analyzed and characterized in order to select images containing flares. A 'correction’ of enhanced from 1 up till 31 May 1998 and from 1 up till 31 May 2005
brightness at the limb is applied, allowing smoothing ot of the cumbersome limb discontinuiity. formet is 1024 x 1024

no missing blocks

sampling time is in general 12 min but there is some gaps.
No pre-processing. (no eit_prep)

S R 0 % ++ %

Given animage the Continuous \Wavelet Transform (QWn is Problem: The limb brightening dominates the scale measure it is not possible to detect any flare

defined as:

Solutions: R,
0 We use only 95% of the solar radius R, to compute scale measure.
But we lose flare at the limb.

where  denctes the complex conjugate. The function is called the Mother Increase in wavelet spectrum

wavelet, which has zero mean, and 0 We correct the enhanced brightness and we study 116% of the Min ener gy M ax ener gy during large flares
solar radius R to compute scale measure.

Log(a)

Is a family of wavelets obtained by dilatation of the scale parameter and Correction: From 95%of R, to 140%we integrate the 116%R, 005115225335
translation of the parameter . Intensity over rings of 3 pixels widths: — —11998/05/01 23:1515

The continuous wavelet transform s the convolution between (X y)dx=0g(R) WhereR_,=0%andR_.=140%. 7 | Position : S14W15
the image and a set of wavelets at different scales a and location . i Size: 23 pixels

Goes Class: M1.2

We choose the Mexican Hat wavelet (MH) as mother wavelet, this wavelet

IS the Laplacian of a Gaussian : Intensity : 8914 DNV'S
_I : We replace the original image from 95%
ViHfora=10 to 140%0f Ry, by '1998/05/02 13:42:05
1. (R) _ _ Position : S1/AW04
. (R) —t—2*median(l (on_disc)) . .
R = 140% J(R) Size: 25 pixels
. . - 0
Isotropic wavelet  simple Goes Class: X1.1

MHwavelets and its Fourier transformarereal  computation speed
BExplicit on Gaussian peaks  analytical modeling Intensity : 7282 DN/S
Two Vanishing moments  smooth parts have wavelets coefficients close to O

'1998/05/06 09:24:23

The Wavelet spectrum or scale measure, is obtained by integrating the \ Position : S14W70
wavelet coefficients over all the positions - Size: 35 pixels
Goes Class: B3.1
where  represents here the L
olar disc. Intensity : 1960 DS
_ >
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Catalog for May 1998

For a‘Pure’ Quiet Sun image, Cosiic ray hit can be modeled by a Dirac function. Flares can be approximately modeled by Gaussian peaks. Assume an
(a) has alinear trend. Assuming an image with a Dirac function, the wavelet Image with a Gaussian peak with standard deviation

spectrum can be compute analytically,

1998/05/27 10:47:30 Linear R2=0.96
1998/05/27 11:08:10 Linear R2=0.97

1998/05/27 11:19.53 FLARE RZ quad =0.98 & gamma 2<0
Position: S15.85\W65.11 Size=38.72
1998/05/27 11:37:37 FLARE R2 quad =0.95 & gamma 2<0
Position: S17.17W65.11 Size=8.32
1998/05/27 11:49:19 FLARERZ quad =0.96 & gamma 2<0
Position: S16.85\W66.11 Size=38.13

nta) = -
a2 The scale a that maximizes p(a) is

0 %Iog(n(a)) = - 1.log(a) +log(2p)

2. Log( (a))

Y2. Log( (a))
2. Log( (a))

The scale measure follows a The p(a) has a quadratic behavior

_ power law with index equal to -1. and has a meximum at scale &, -
For an EIT image : v 3]

For an EIT image with cosmic ray hits : For an EIT image with Hare : Log(a) \/
CWT for the
characteristic scale

1998/05/27 12:11:10 Linear R2=0.97
1998/05/27 12:22.54 CRR2_guad =0.93 & gamma._2<0
1998/05/27 12:35:17 Linear R2=0.96

1908/05/27 12:50:09 FLARE R?_quad =0.99 & gama 2<0
Position: S14.85\W66.11 Size=16.52

1998/05/27 13.07:37 FLARE RZ_quad =0.99 &gama 2<0

Position: S14.85W66.11 Size=16.52

Log(a)
005115225335

Linear R2=0.97

1998/05/27 13:53:56

2. Log( (a))
2. Log( (a))
Y2. Log( (a))

A =8.01

v
Log(a) Log(a) Log(a)

Catalog for May 1998

No flare situation: The behavior of the (a) Cosmic ray hits dominate the image at small scale, Hares dominate the high scale of an image; the behavior of the scale

Is linear in log-log scale with a positive slope. and the behavior of the scale measure show a negative measure presents acharacteristic scale. | _ , A

slope. We deduce the size of aflare: J2

2005/05/06 17:36:10 FLARE R?_quad =0.98 & gamma 2<0
Positions: long= -28.453 lat = -7.8143 Size: 37.81

05/09 11:00:10 FLARE R?_quad =0.98 & gamma 2<0
Pasitions: long= 19.0178 lat = -8.3827 Size: 8.65

2005/05/1005:24:11 FLARE R? quad =0.98 & gamma 2<0
Positions: long = 29.6595 lat =-10.2473 Size: 19.98

2005/05/10 05:36:10 HLARE R?2_quad =0.98 & gamma 2<0
Pasitions: long= 30.0431 lat =-10.3952 Size: 22.02
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2 Positions of flare on solar disc. With the detection of flare positions
we can find easily that flares occur

Since a non-flaring situation is characterized by a linear shape of the wavelet spectrum, we first fit a between -40° and +40° latitude. |
linear model:

Then we compute a test statistics telling how valid is the model:

! !

If R2 e ~ 1, If FRjnear <0.95, Hares position detected on
the linear model - In this case, we compute a quadratic model and Re, 4 - May 1998 & May 2005

Fits the data well / R

05/12 01:13.50 FLARE R?_quad =0.98 & gamma 2<0
Positions: long =-31.2006 lat = 11.0403 Size: 28.42

0522 01:13:38 FLARE R?_quad =0.98 & gamma 2<0
Positions: long=-77.7187 lat = 12.9336 Size: 26.45

2005/05/22 07:13:38 FLARE R?_quad =0.98 & gamma 2<0
Paositions: long =-74.2797 lat = 12.8256 Size: 32.02

2005/05/27 13:13:36  FLARE R?_quad =0.98 & gamma 2<0
Positions: long= -2.1282 lat = -7.4476 Size: 28.42

W Size of flares. CWT gives us an idea about the scale a and the size of a
diameter which can contains the flare.

It quuadratic ~1, If quuadratic <0.95,

the quadratic model fitsthe datawell =~ we conclude that log( (a)) follows a model of e (i Dixels):
1 1 higher order. Hares and cosmic rays affect the Sizes (in pixets). Histogramwith size of Hares.

shape at high scale and small J\ May 1998 & May 2005
It <OTheshape  If <OTheshape | scale, respectively I

oflog( (@) is\/. | oflog( (a)is O\,
l ™ * ® % Trinity College Dublin, Dublin, Ireland.

Dueto discretisation of the parameters scale a and position b in the CWT,
No flare Presence of Presence of Hares e ar'e'e dmiscretey_ par pos 6-8 September 2006.

Situation Hares + COmiCs ray

Here we show an histogram of flares
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