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ABSTRACT

Context. We present a method for determining the background of therganay bursts (GRBs) of the Fermi Gamma-ray Burst
Monitor (GBM) using the satellite positional informationda physical model. Since the polynomial fitting method ¢gpy used
for GRBs is generally only indicative of the background awatively short timescales, this method is particuladgful in the cases
of long GRBs or those that have autonomous repoint requédRjAnd a background with much variability on short timessal

Aims. Modern space instruments, like Fermi, have some specifiioméd survey the sky and catch gamma-ray bursts in the most
effective way. However, GBM bursts sometimes have highly vayyiackgrounds (with or without ARR), and modelling themhveit
polynomial function of time is notfécient — one needs more complex, Fermi-specific methods.artiide presents a new direction
dependent background fitting method and shows how it candxbfos filtering the lightcurves.

Methods. First, we investigate how the celestial position of the lit#gemay have influence on the background and define three
underlying variables with physical meaning: celestiatatise of the burst and the detector’s orientation, the dmriton of the Sun
and the contribution of the Earth. Then, we use multi-dineres general least square fitting and Akaike model seleatiiterion

for the background fitting of the GBM lightcurves. Eight higrare presented as examples, of which we computed theaturating
background fitted cumulative lightcurves.

Results. We give a direction dependent background fitting (DDBF) rodtfor separating the motiorffects from the real data and
calculate the duration g§, Tso, and confidence intervals) of the nine example bursts, frdrichvtwo resulted an ARR. We also
summarize the features of our method and compare it queditatvith the dficial GBM Catalogue.

Conclusions. Our background filtering method uses a model based on thegathysformation of the satellite position. Therefore,
it has many advantages compared to previous methods. Ittdandibackground intervals, remove all the features cabsetthe
rocking behaviour of the satellite, and search for long sioiss or not-triggered events. Furthermore, many partseofitting have
now been automatised, and the method has been shown to wdsktfo Sky Survey mode and ARR mode data. Future work will
provide a burst catalogue with DDBF.

Key words. gamma-ray burst: general instrumentation: detectors methods: data analysis Sun: X-rays, gamma rays celestial
mechanics gamma-rays: diffuse background

1. Introduction times even during the burst, which is the most important time
, ) _ of the observation. Therefore, it is crucial to have a fitgri
NASAs FermiGamma-ray Space Telescope has an orbit gfethod, which is capable of correcting for the background va
altitude ~ 565 km and period of 96 minutes. It carries tWo a4ions caused by the ARR.
main instruments on board. Thearge Area Telescopfe(LAT) To date, GBM has triggered on 1000 GRBs (GCN 2013),
.= energy range (20 MeV 300 GeV) overlaps the energy range ofFermi-Timeline-Posting 2013). Only a small fraction7Q
the Gamma-ray Burst Monito{GBM, 8 keV—40 MeV). GBM ' GRrBs) resulted an ARR (Paciesas 2013). The relatively loev ra
= consists of two types of detectors: 12 Sodium lodide (Naf) agt ARR's is due to the GBM trigger that has to meet certain cri-
2 Bismuth Germanate-Oxide (BGO) detectars (Meeganl et @iz (such as high peak flux) before an ARR occurs. When we
2009). started to analyse GRBs detected by GBM, we found that severa
The primary observation mode Bermiis sky-survey mode. non-ARR bursts have a background variation of the same order
This enables the LAT to monitor the sky systematically, @il of magnitude as the burst itself. As we will show, one can find
maintaining an uniform exposure. In this mode, the entite skonnection between these background rates and the acsial po
is observed for- 30 minutes per 2 orbits. If a fiiciently bright tion and orientation of the satellite. Therefore it is neeeg to
GRB is detected by GBM, an autonomous repoint request (AREe the directional information to filter the background ol
may be issued. This will cause the satellite to slew, so that for ARR but also for many non-ARR cases.
burst’s coordinates (calculated by the GBM) stay withinftalkg Here, we present theffect of the slew and how it is repre-
of view of the LAT for ~ 2 hours|(Fitzpatrick et al. 2011). How-sented in the measured data of the GBM. We summarize why
ever, this repositioning right after the trigger resultsapid and  the usual background subtraction methods argiizient in most
high background rate variations of the GBM lightcurves —eemcases, especially for the long bursts, as seen inf$ec. 2, Tlgen
introduce variables based on the position of the satebitated
Send offprint requests to: Z. Bagoly, e-mail:zsolt.bagoly@elte.hu to the Earth and the Sun (Ség¢. 3) and use them with the time
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variable to fit a general multi-dimensional linear functiorthe a more &ective method for filtering the motionffects. Since

background (Se€l4). Our method is calltidection dependent the method is based on the actual directional informatiaghef

background fitting DDBF). satellite, it is possible to analyse bursts for which an AR&w
We also present examples where we compute the duratissued.

(Tgo and Tsp) from our background-filtered lightcurves and show

that the DDBF method can be used for both the Sky Survey and .

ARR observations (Sel 5). Confidence levels and a comparige?- Previous methods

to the GBM catalogue are given in SEE. 6. In the BATSE era, it was sficient to fit a low-order poly-

nomial in the function of time for most cases. It was because

2. Difficulties with the Fermi background BATSE has had a fixed orientation and has not been able to
, . , . change it during a burst. As a result, sources moving in and ou
2.1. Lightcurves with unpredictably varying background of the field of view could not play an important role on a shorte

timescale, and all the backgrounds could be subtractedtimgfit
a time-dependent low-order (up to 3) polynomial (Koshutlet a
" chi2 =1191.3 1996; Sakamoto et al. 2008; Varga et al. 2005).

In the Fermi era, this situation has however fundamentally
changed. To present this on our example above, we fitted a sim-
ple 3rd-order polynomial function of time shown with a grey
line in Fig.[d. The fitting was done by using only a selected
short time interval around the burst, which is a common ntho
of the BATSE era. This fit may be fiicient around the burst
prompt emission, but is giicient only there. It is clear that the
background cannot be well modelled with this simple functio
over a long timescale. Moreover, an incidental longtimesemi
sion would be overlooked.

800 A Fitting higher order polynomials of time could be suggested
We rule out this solution because of two reasons. Firstethes
fittings show polynomial instabilities in the burst intelvas we
have seen it in our early experiments; namely, we got high or-
der, low amplitude oscillations of these fittings during the
Fig. 1.  Lightcurve of theFermiburst 091030.613 measured by thgerval of the burst. Second, we wanted to take into considera
3rd GBM-detector without any background filtering with Iesed bins. - tion that the main cause of the complicated background it wel
The grey line is a fitted polynomial function of time of ordefd the | .,/ (namely the rocking motion of the satellite). Indeee
ranges of [-200:-20] and [38:200] seconds, which does rensie be a use physically defined underlying variables, as we will s’how
correct model for this whole background. Reduced chi-sjgtatistics . . LS ’ o -
are given in the top right corner (Szécsi et al. 2012a). In Se_cl]l, and with them' we fit higher order mUItld'me.nS'onal
functions. As a conclusion, time-dependent polynomiahfits

The lightcurve for GBM trigger 091030.613 is shown irf'2y have been flicient for the BATSE data butermi-data can-

Fig.[d in the energy range11-980 keV. This burst did not result"O! be analysed that way due to the rapid motion of the satelli

in an ARR [GCN 2013). We decided to use the sum of the chaf{€ Need &ermispecific method. _ .
nels except for the highest and lowest, where the deteairs _ Such a method was presented|by Fitzpatrick et al. (2011).
ciency drops, so the signal is statistically stronger. Siwe are They estimated the background successfully with the rates f
only interested in the duration information of the burste,use adjacent days, when the satellite was at the same geogahphic
the high time resolution data (CTIME, see Séc. 3 for the titai coordinates. This solution is only applicable when thelbate
description) and sum of the channels. We note that, howtaeer, iS In SKy Survey Mode and cannot be used if an ARR occurred.
analysis can be done using eitheffelient channels or the highlf an ARR is accepted, this technique cannot be employed.
spectral resolution data files (CSPEC), so spectral infioma
can be obtained (see Szécsi et al. 2012b).

In Fig.[d, the bur;t is clearly visiblle above the backgroung, Investigation of possible background sources
but the background is varying so rapidly and to such an extent
that one can question the usefulness of fitting and subtigactB.1. Orientation of Nal detectors
a simple polynomial function of order 3 (grey line in Fig. 1).
This situation is typical in the case &&rmj as can be seenin  As we mentioned abové&ermiuses a complex algorithm to
the examples in SeE.5.2. Especially when a long burst occugtimize the observation of the Gamma-Ray Sky. In Sky Sur-
the background rate can change too quickly for analyses witgy Mode, the satellite rocks around the zenith with0°, and
out some knowledge about the satellite position and the gamthe pointing alternates between the northern and southesmi-h
sources on the sky. In the following, we are investigating fépheres each orbit (Meegan et al. 2009; Fitzpatricklet l1p0
possible background sources. We will see that one can find aThe set-up of the instruments on-board is well known from
correspondence between the gamma background and the cefesliterature [((Meegan etial. 2009). The 12 Nal detectors are
tial orientation of the satellite. Furthermore, both th@&nd the placed in such a way that the entire unocculted sky is obbkrva
Earth limb have a contribution, given that they move in antl owith them at the same time, as seen in ElgF@rmihas a proper
of the field of view because of the rocking motion of the satetoordinate system, who&eaxis is given by the LAT main axis.
lite. Based on these physical conditions, we are constrgi@i From now on, we only analyse the data of the Nal detectors; the
background model and a fitting algorithm, both of which gige IBGO detectors will be considered in a future work.
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6. —— = 0 needed to transform the proper coordinate system oftiei
AN shown in Fig[2 to the general (second) equatorial systemesi
the burst's position was given in the latter. In addition, plet
the celestial angle between the 3rd detector (black linegri3)
and the burst 091030.613 (marked with a diamond in Hig. 3)
against time in Fid.14.

20°

45°

%0

Fig. 2. Setup of the 12 Nal detectors of GBM given in the Spacecraft
Coordinates (see Meegan el al. 2009). The zenith angle dftieetors

in degrees is marked. This design is built in order to coverhole
visible part of the sky with the GBM. (The figure is based onl&éah

of Meegan et &l (2009). Notations 'a’ and b’ mean the 10tH atth

Nal detectors, respectively.)

The Fermidata set is available from the web for the GBM's
12 Nal detectofs The positional information of the spacecraftis
contained in the LAT data (called Spacecraft Batdhe GBM
data, which we use in our analysis (called CTIME), are atbédla

0'f4looo -800 -600 -400 -200 O 200 400 600 800 1000
at 8 energy channels with@4-second and.B56-second reso- time

lution (for triggered and non-triggered mode, respecyiverhe
position data is available in 30-second resolution.

cosine of celestial angle between detector and burst

Fig. 4. The celestial distance of the 3rd GBM detector andRbemFi
burst 091030.613 as a function of time. It is worth compatig figure

to Fig 1.
S Sun positon O . .
XA 091030613 o At this point, we have to mention théfect of the Nal detec-
det 0 tors’ characteristics. Figure 12 from Meegan etlal. (200@ns
g gei ; —  theangular dependence of a Nal detecftgaive area: The an-
dgt 3 gular response for the flat crystal is approximately cosirer.
det4 —— thisreason, we define our first underlying variable ascth&ine
§ det5 of the celestial angle between the detector and the burétiGas
det 6 shown in Fig[#). We will find further underlying variables in
get 7 —— Secs[3PRand3.3.
z et8 s
det 9 However, the Nal characteristics are also energy dependent
deta The dependence of the transmissivity on the angle of incielen
detb is more important at higher than at lower energies. Furtioeem

a detector has two small sensitivity peaks around -150 afd 15
degrees, which means that they can detect photons comireg und
the plane of the crystal. We consider these features by ltpw
higher orders when performing the fits seen in §kc. 4.

Fig. 3. Orientation of the 12 Nal detectors on the sky (in the second If we compare Fig[¥ to Fi§l1, it is clear that the unpre-
equatorial system), during the pre- and post-1000 secamdsd the dictable variation in the background is connected to therori
burst 091030.613. To show the direction with time, we marttesl tation of the detector in question. We can also examine other
starting points of every line with a small star. The Sun'sifios is p;rsts (see Set. 5.2. for more examples). However, we cannot
marked with big sphere. The burst position is marked withdiad. — ga16 4 clear relation between the angle and the lightcurve.

The 30-second Spacecraft Data were evenly proportioned to
0.256-second and.064-second bins using linear interpolation3.2. Earth
to correspond to the CTIME data of non-triggered and trigder
mode, respectively. We created a 3D-plot from this datag,lsip0 t

E?gffrégvgrd?r:;gt?f{éomftr&?&%@i‘;ﬁﬁﬁfEjse?'evcetgﬁg t&?ﬁﬁa the rocking behavior, GBM detectors’ orientation are, hosve
y ' t%wards the Earth-limb from time to time.

(path) on the sky during the pre- and post-1000 seconds drou L .
the trigger of 091030.613 (lightcurve was shown in Eig. 1). The Earth-limb is notable from the boardeérmi At an al-

: ; ; : jtude of~ 565 km, it corresponds to an aperture-cf34° when
The catalogue location for the GRB is shown with a diamo gu ; .
(@ = 26072, 6 = 2267, see Paciesas et al. (2012)). Sinji%"y in the FoV. Therefore, we have to consider thieet of

The satellite’sZ axis (the direction of the LAT) is pointing
he opposite direction of the Earth, when it is possiblee fp

" e Earth-limb when analysing the data of the GBM detectors.
we wanted to know the position of the detectors on the sky, ere are terrestrial gam%a-rgy flashes (brief bursts of

L The High Energy Astrophysics Science Archive Research azenfadiation that are thought to be associated with lightninthe

(HEASARC): legacy.gsfc.nasa.gov upper atmosphere); furthermore, gamma-rays of the GRRBis sc
2 LAT Photon, Event, and Spacecraft Data Quenyjter on the atmosphere. The main contributor in our backgtoun
http;/Fermi.gsfc.nasa.ggsgi-biryssgLAT /LATDataQuery.cgi model is the latter. Terrestrial gamma-ray flashes have a-dur
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tion of only tens of milliseconds (Briggs etlal. 2010) and @

short to have a significantfect. § 1 * * * * * * * * *
We presume therefore that the detected background also deg 0.8 1

pends on how much sky the Earth-limb shields from the detec-¢
tor’'s FoV. To measure this, we define tRarth-occulted sky rate 8 o6 | .
as the rate of the Earth-covered sky correlated to the sileeof §
FoV. As Fermihas a proper motion, the Earth-occulted sky rate S o4t :
is a function of time, satellite position, and orientatiddased %
on spherical geometrical computations given in Appehdiwd, = 027 1
can get the Earth-occulted sky rate as a function of the aggert <
of the Earth-limb and the maximum altitude of the Earth seen  °
from the Fermi The Earth-occulted sky rate is plotted in Fi§. 5 8, | ]
as a function of time. s

c

8 %000 800 600 400 200 0 200 400 600 800 1000

time
0.3 T T T T T T T T T
Fig. 6. The celestial distance of the 3rd GBM detector and the Sun as
0.25 - a function of time during the GRB 091030.613. The dasheddhmvs
' the O level (under this the Sun and the detector close in ale énger
£ than 90). It is worth comparing this figure to Figl 1.
S 02t
g
°
£ o015t 3.4. Other gamma sources
Q
o
g o1l It is known today that the gamma-ray sky is not dark
g ' (Ackermann et al. 2012). Apart from the gamma-ray bursts, th
005 | terrestrial flashes, and the Sun’s activity, there are algdianal
' gamma-ray sources. Some examples include the gamma-rays
produced when cosmic rays collide with gas in the Milky Way

and the contribution from individual galactic sources,sas
pulsars and other transient sources. As an extragalactiten
. part, we see collective radiation from galaxies that we are n
Fig. 5. The Earth-occulted sky rate for the 3rd GBM detector as detecting directly and gamma-rays from jets of active gatax
function of time during the GRB 091030.613. (The Earth-diszlisky - .
rate is zero, if the Earth-limb is out of the FoV.) Al thls_gamma-backgr_oun_d has to be _palt_'j FESpeCt to. Rather
than consider each contributing source individually, wiain
duce them into our model by allowing higher order terms when
We can see the saméext like above: There is some notice€Onstructing the basis function of the general least scorie-
able connection between the lightcurve in Fig. 1 and thetarte™ in Secs[4l1 anid 4.2. Furthermore, we use the method of
occulted sky rate in Figl5. smgular. value decomposition and Akr?uke model s.elec.:tlon de
scribed in Sec$. 4.3 and #.4 for choosing the contributirespn
since the net féect of all these sources is hard to compute at
3.3. Sun every second.

0
-1000 -800 -600 -400 -200 0O 200 400 600 800 1000
time

One of the main contributors of the gamma-ray sky is the
Sun. Flares and other eruptive solar events produce gany®sa i Background subtraction
in addition to those created by cosmic rays striking the Sgas. . _ _
If we are |00king for a Comp|ete model of the background’ we In SeCB, we have found three Va”ables, which contribute to

need to consider the contribution of the Sun as well. the variation in the background (see Figd.14, 5[and 6). They ma
elp extend the polynomials of time that are only usable meo

, e : h
The Sun's position is known from ephemeris tables for tr&%ort intervals around the bursts. These three variabletaico

day of the burst. We do not need more precise data than IS sical i :
A : sical information of the background, because they age su
day, because the time interval around the burst is only 2000 e?s/ted by the actual position andgorientation of the smyelli

our analysis, and the position of the Sun does not changé-sig However, we cannot quantify the contribution from the var-

icantly during that time. . ) X
o _ ious sources at any given time. As we know that they have an
We compute the celestial distance (i.e. the angle) betwggfluence on the background, we can fit a theoretical funatfon
the detector’s direction and the Sun’s position. This pat@ms these physical underlying variables. Therefore, we fit arg s
shown in Fig[®. The Sun’s position is also shown in the Eig.gact the background using the three defined variablest(pars
with a yellow circle. sition, Sun, and Earth) and the time variable, on a highereteg
Comparing Fig[l to Fig.16, one can see a connection be- At this point, the following question may arise: why is the
tween them. It is interesting to take notice of the fact thhéw burstlocation needed? If a curve contains no burst for soeee
the Sun’s angle is larger then 9(the cosine is lower that 0) is no sense of using the burst position as an underlyinghlaria
around 600 sec, the background rate in[Hig. 1 drops. It showmahat case, we would probably need to use only the Sun and
further correspondence of the background and the directionthe Earth (maybe implement the position of some other gamma-
the satellite towards to the Sun. sources as well).
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The reason why we use the burst position when there is a In terms of the design matriA and the vectob, the chi-
burst in the data is that the burst itself is a gamma source. €fuare function can be written as
course, it does not produce gamma photons at a constant level )
but transiently. It is possible, nevertheless, that a noigen- Xx* = (A-a—-b)7, (4)
tified long emission would be enhanced (or weakened) becau%% we need aathat minimizes this function. so the derivativ
the satellite moved toward (or away of) the burst. To analgse af 2 e_thee aat a:‘th es St unc ? »Sothe de '?h ?s
sometimes even detect) emission coming from the astroq:xiiin\0 Xd Wi tretshpec 0 t' e Cfomponen salf = a are zeros. Tha
source outside of the main burst interval, it is needed tatifie €ads us fo the equation far
the fluctuations of the background rate caused by the changg L (ATA)2ATp, (5)
the distance between the detector and the burst.

Next, we summarize the method of general least square faiere AT means the transpose @&, and the expression
multidimensional fits, the algorithm of singular value deqpm- (ATA) AT are calledgeneralized inverser pseudoinversef
sition, its numerical solution, and the Akaike model setett A. The best technique of computing pseudoinverse is based
criterion for choosing the best model. Since we use undeglyion singular value decompositigf®VD), which we describe in
variables, which are calculated based on the actual direatid Sec[Z4.B. We first specify the general method written abowe fo
orientation of the satellite, we call this method directi®pen- the case of thé&ermi GBM lightcurves in the following section.
dent background fitting (DDBF).

4.2. Multidimensional fit

4.1. General Least Square . . . .
q Equation[(1) describes a hypersurface, and it is a generaliz

For simplifying the explanation, we will use the followingtion of fitting a straight line to the data. Very simple baakgnds
notation: may be fitted well with first degree hypersurface (hyperplahe

counts per bin; the four variables described gs= (xi(l), xi(z), xi(s), xi(4)):
yi= ;

2<Ii(:1_)=c[:ze)lestial distance between burst and detector orientation;(y,) = g, - X+ 2y XD rag X 1, X9, (6)
ig.[4);

xi(z_)zcelestial distance between Sun and detector orientation where the basis functions a¥(x;) = xl_('), respectively, and the
(Fig.[6); design matrix simply consists of the components;afith A;j =
xi(s):rate of the Earth-uncovered sky (Hig. 5); Xi(j)'

xi(4)=time. For the most complicate&ermi backgrounds, higher de-

] gree of the variables are needed, however. One can illestrat
We have a Set20f dsataaomns,(yi), where the components 8f  the lightcurve data; and the fitted hypersurfaggx;) using the
arex; = (4, x?.x%. x¥), whilei = 1...N. two variables¢™ andx®, which are both of 3rd degree on a 3D
We use the generalleast square method (Press et al. 1992)fgf, as seen in Fif] 7. The design matrix of this problem is
a multidimensional fit (sinc& has more than one component).

The theoretical value af(x;) can be expressed with functions of xg) (xg))2 xg) (xg))2 Xg) . xg) 1
Xj, known as thebasis functiony(x;): A Xz) & )2 Xz) S )2 Xz) . Xz) 1 @)
y(xi) = ZliaX(xi), 1)

N G N C I I O B I

where the weightsy are the model parameters that we need to
estimate from the dat& & 1...M). Note that the basis functions
Xk(X;) can be nonlinear functions af (this is why the method
is called generalized), but the model depends only lineatlits
parametersy.
The maximum likelihood estimate of the model parameters
ay is obtained by minimizing the quantity
Ui — IM A Xe(xi) 2 Counts 25
i k= i
-y, (ARt R @
o]
which is known as the chi-square statistics or chi-squane-fu
tion.
One can write the chi-square function in a matrix equation
form as well. For that, it is useful for defining tlaesign matrix
A (N x M, N > M) of the fitting problem. Since the measured
values of the dependent variable do not enter the designxnatFig. 7. The 2-dimensional hypersurface of a 3rd degree fitting to a

we may also define the vectbr The components o% andb are  Fermi lightcurve is shown. The fitted variables™, x*) are along
defined to be the following: the horizontal axes, while vertical axis represents thentoof the
lightcurvey; (shown by the black curve on the fitted grey plane).

S 1) R 3 _ _
Aj = o S 3) Since we would like to have a method for all the cases of
Fermibursts (whether it is simple, complicated, non-ARR, or
From now, we setr; =constant. ARR), we define our model to be comprehensive. Let us have
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y(x) as the function ok = (X, X, x® x¥) of order 3, so the that the resulted matrix is an approximation of the real pseu
basis functionXy(x;) (and columns of the design matrix) consistioinverse, but we only omit information of the less interest
of every possible products of the componexf'ﬁsup to order 3. With equation[(lL), we can define models of any number of
That means that we hawd = k.ax = 35 basis functions and variables and of arbitrary degree. In our case, we define lnode
a;, ap...ags as free parameters. We are sure that we do not newth four underlying variables of degree 3. Therefore, weeha
so many free parameters to describe a simple background, &g 35 free fitting parameters, as described above in[Se. 4.2.
although a complicated or ARR background may require movée do not know how many and which ones of these parameters
free parameters, 35 is too much in every practical case.€eFhdrave real importance in the variation in the backgroundSiuin
fore, we decrease the number of free parameters using SVIxam give us the answer trivially: Pseudoinverse should lme do
the next section. by omitting the singular values which do not contribute sa&hmu
The only question that remains is where this limit should be
when singular values are not so important. We find an answer to
that question in Se€.4.4 using model selection criteria.
In Sec[4]1, we showed that the least square problem can be
solved by computing the pseudoinverse of the design matrix
For this purpose, we used Singular Value Decomposition ()SVIjl
since SVD is robust and very stable numerically (Long 2005) Model selection is usually based on some information crite-
(Press etal. 1992). _ _ . rion. We use the Akaike information criterion (AIC) methad t
The STVD takes arN x M matrix A and factors it into gistinguish between ffierent models to the data (Akaike 1974).
A = USV'. Inthis expressior) andV areN x N andM X M However, we note here that AIC has to be used with caution,
orthogonal matrices, respectively, aBds anN x M diagonal egpecially in the most complicated cases of backgrounds (se
matrix. The columns obJ andV are the eigenvectors gfAT examples in Se€.5.2).
andATA, respectively. Furthermor§,contains the square roots We first assume that we hatmodels so that thith model

of the eigenvalues Oq‘.AT andATA (both ha\{e the same eigen-h sk free parameterk(= 1...M). When the deviations of the
values, but dterent eigenvectors). These eigenvalues (d'agorbfaserved values from the model are normally and indepelydent

elements irB) are called thesingular valuess. Cppd Ih | & th
In overdetermined casesl (> M), the lastN — M singular distributed, every model has a value Al€b that

values, however, are zeros, so we may consider bns an RSS
N x M matrix, V as anM x M matrix, andSasM x M (itis AIC, = N - log k
calledeconomicSVD). N

If U andV enter the SVD decomposition &f as described , . .
above, one can show easily (using the orthogonalithy aind whereRSSy is tne residual sur2n of squares from t_he estimated
V) that the pseudoinverse &fcan be obtained as model RSS = %7, (v — y(xi, k))), Nis the sample size, artds
the number of free parameters to be estimated. The first term o
pinv(A) = (ATA)IAT = vSIUT. (8) equation[(D) measures tigwodness of fifdiscrepancy between
. . . observed values and the values expected under the model in
SVD is implemented in several numerical software. In Oy aqtion), the second term penalizes the free parametisen G
work, we used Orve's SVD functiort, known as thesvd, and 5y two estimated models, the model with the lower value of
pseudomve_rsmnfunctlon, I_<nown as thinv (Long 20.0‘3)' ICy is the one to be preferred. Given many models, the one
_ Computing the pseudoinverse, we need the reciprocal of @ﬁh lowest AIG, will be the best choice: It has as many free
singular values in the diagonals 8f*, and there is a problem . meters as needed but not more. Note that we do not use AIC
with this. The size of a singular value tells you exactly ho r deciding how good the fit is but only for choosing one model

much influence the corresponding rows and columrg ahdV h her. Th f fit is qi he chi-
have over the original matriA. We can find the exact value Ofg';/aetirstti:s%r;?itng. by :q%g(t)ig%e(sz\;,.o itis given by the chi-sguar

A by multiplying USV". If we, however, remove (for example) So far, we defined a complex model with 35 free parame-

the last columns of) andV and the final singular value, we A& < and. therefore. the design matfixhas 35 singular values

removing the least important data. If we then multipliedsthe .
simpler matrices, we would only get an approximatiodtout (_see _SedElZ). However, we knovv_ that we can omit some of the
tiny singular values when computing the pseudoinversé ef

one which still contains all but the most insignificant infa- the ones, which are not necessary to the best fit of the gamma

tion. This means that SVD allows us to identify linear Comblﬁackground Thus, we take a loop over the pseudoinverse op-
nations of variables that do not contribute much to redutiieg eration and decrease the omitted number (that is, incréase t

chi-square function of our data set. ed number) of singular values in every step. Furthernvege
The singular values are usually arranged in the order of siy g Y SIep. '

with the first being the largest and most significant. The Cogi'rs]()ljg:n\i)a%eetshr?o?l()elnr}t?e\lgr)(nszﬁgtv\\//\;gm t:ﬁ;ngjrrfbglrj?fbsi; OL
responding columns df andV are therefore also arranged in 9 : S ' Y, . 9
: - - . values, which minimize the Algcas a function ok will be the
importance. If a singular value is tiny, very little of therce- best choice when calculating the pseudoinverse, so we get th
sponding rows and columns get added into the mariwhen 9 P ' 9

it is reconstructed by SVD. If we compute the pseudoinvefsebrgeorsj[thg??;zl i?gmztlfgsoatrtg(;(;?; %eilnp;ég:zzﬂm;z;gg:{
A, the reciprocals of the tiny and not important singular ealu g 9

will be unreasonably huge and enhance the numerical rdﬂno%nd not important ones will be penalized by the second term of

1C).
errors as well. . .
This problem can be solved defininglianit value, below At this point, we return to théermis GRB 091030.613

which reciprocals of singular values are set to zero. It mea]p]resented in Se¢.] 2 aid 3 and follow the method of general
east square, as described above. We compute fdCevery
8 GNU Octave: httpy/www.gnu.orgsoftwargoctave k = 1...35. This function is shown in Figl 8.

4.3. Singular Value Decomposition

.4. Model selection

+2-Kk, (9)
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18580 5. Results
18570 | 5.1. Direction dependent fit and Ty for GRB 091030.613
In this section, we present the result of the DDBF for the
g 18%60 ¢ GRB 091030.613 (the one that we showed in Flg. 1 and noted
g 18550 | that there are diculties with its background fitting).
5
‘g’ 18540 | 1500 T " chiz=0.972
Q
£ 1gs30 1400 1
18520 1300 1
18510 ‘ t t t 8 1200 M‘ ]
5 10 15 20 25 30 2 uu Hm M\MW%W
# of used singular values § 1100 N m mmw mm M Mmmm%w “m m Wm i]‘ 1
Fig. 8. The Akaike Information Criterion for model selection. Méde ! WIW WH WWWM '\M
with 14 singular values is selected. (First and last five dimgvalues 1000 W MM 1
are usually too high, so we do not show them.) ’WUUMIMMM
900 W
Based on the Akaike information criterion, the model with 80-01000 -860 -ebo -460 -260 6 260 460 660 860 1000
14 singular values is the best choice. We present the refthik o time

fitting with this model in Se¢.Is. Fig. 9. Fitted background of the lightcurve of théermi burst

091030.613 measured by the 3rd GBM detector. Fitting wa® dign
DDBF method|(Szécsi et al. 2012a,c), using 14 non-zero kEngal-
4.5. Features of DDBF ues according to AIC. Reduced chi-square statistics is stiowhe top

o . . right corner.
One cornerstone of the fitting algorithm DDBF describe

above is the definition of the boundaries that decide theviate
of the burst and the intervals of the background. In this vk fitti

follow the common method of using user-selected time ISV gicto”of astrometric computations of astrophysical objeand

(Paciesas et al. 2012). the fitting variables have physical meanings. This propisrty
Unlike in[Paciesas et al. (2012), usage of the position datéssing when one uses simple polynomial fitting of time; how-

gives us the possibility of fitting the whole background o thever, Fermis complex motion prefers to have a more detailed

CTIME file instead of selecting two or three small fractionmodel for the background sources.

around the burst. This notable feature has two important con Second, using the polynomial fitting of time, one has to de-

sequences. fine two short time intervals before and after the burst, Wwhic

First, the user has to select only the two boundaries bef&@n be well described by a polynomial function (see Bed. 4.5)
and after the burst; the other boundaries of the backgraund Ysually, these intervals have to be short enough and defireed p
tervals are inherently at the beginning and at end of the EIMisely to get a correct fit. DDBF can fit all the 2000-sec data of
datafile. This reduces the error factor put into the DDBF méththe CTIME (and CSPEC) files. Therefore, we are also able to
by the user compared to the method of Paciesas et al. (2012).StUd3_/ long emissions or precursors. _

Second, one can easily detect a possible long emission com-F'g'[IO ShOW.S trle cumul_atlye lightcurve frorr_1 which we com-
ing from the astrophysical source. Since this emission bésn puted the durations (Szécsi etlal. 2012b). Horizontal limese

: : R : . computed by averaging the cumulated background levelsdefo
Isr;gntgl gg%‘égjgitg;rﬁ;g?g 82%%;?}? itrl]otr;]é)f";hhet Csu%e‘ilgfi and after the burst: These are the levels of 0% and 100% of tota

a1 L ; lated counts.
background filtering. (The opposite is also true: a sigrigrdhe cumu
burst could be considered a long emission when the user define We note that these levels were selected by the user for the

two short background intervals, although it was caused by t érmi GBM Catalogue. Si_nce _they only fitted some sho_rt in-
motion of the satellite. One example for this case is preseint c7valS around the burst using time-dependent polynontias
Sec[5.2DP.) step could not been automatised (Paciesas et al.l 2012). With

) DDBF, however, we fit all the 2000 seconds of the CTIME file
In the case of the GRB 091030.613, we used a burst—mtery@kept for the burst in the middle) using direction deperde-
between-20 and 38 seconds before and after the burst, respggriying variables. Our method gives us cumulative lightes,
tively (see Se¢.J5, Figuie 9). This means that the data ofithés \yhere the resulting levels are tightly distributed arountba-

interval were omitted when fitting to the background. Othent  stant value, and therefore, the automation (calculatipgtrer-
that, the whole CTIME lightcurve were fitted. age of the levels) is possible.

It is one of our future plans to create a self-consistent Between the levels of 0% and 100%, 19 equally heightened
method, which can automatically define these intervals dagmints mark every 5% of their cumulated counts (the first and
on a self-consistent iteration algorithm, so the users@mnee last are fixed where the lightcurves step over and below the le
would be unnecessary and the method would be totally autds before and after). of is computed by subtracting the value
matic. corresponding to 5% from the value corresponding to 95%.

The DDBF method is a good alternative for the polynomial
ng of time for two reasons. First, the background modwic
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6000 ; ; , , , , , , , the TS from the catalogue computed and published by the GBM

T90 = 22.609 team (Paciesas et al. 2012). We give confidence intervatseof t

5000 AWAMMVMM"VMVMVMM computed Fos (and Bos as well). The description of how these
confidence intervals were computed is in $éc. 6.

4000 1 1 It is important to note, however, that only long GRBs were

analysed here. The reason of this is that short bursts ysarall

not influenced by the fast motions of the satellite. During on
short burst, the background does not change so much that DDBF
should be used. Furthermore, short bursts are better aualys
using the time tagged events (TTE) data type instead of CTIME
(and CSPEC), and therefore, they are not presented here.

3000 | 1

2000 1

cumulated counts

1000 - 1

0 W“W"“VM‘WM"WWWMW’MWW Since we want to present hovifective our method is, we
show the detector having the highest background varigbilit
-1000 : : : : : : : : : without filtering in every case. However, it is possible tarco

-1000 -800 -600 -400 -200 O 200 400 600 800 1000

] bine the same analysis for a number of bright detectors fc ea
ime

burst to reduce the error. It will be a part of a future work te-c
Fig. 10. Cumulative lightcurve of théermiburst 091030.613 by the ate a catalogue of the durations of #hermibursts using DDBF,
3rd GBM detector. Horizontal lines are drawn at 0% and 100%tal  in which we will use more than one detector’'s data. Here, we

cumulated counts; dots mark every 5%. (Model with 14 singudéues present the method with only one triggered detector for each
was selected, as seen in Hiy. 8.) case.

TheFermiGBM Catalogue reportsi}=19.200:0.871 secs. 5.2.1. GRB 090102.122

Our result is Bo=22.60973>78 seconds. We always give confi- _ _
dence intervals instead of error bars with thg Values, since GRB 090102.122 is an example where no fast motion was
the DDBF method is complicated: The error estimation nee€@ried out, and therefore, no high background rate vands
further considerations. See SEL. 6 for details. taken place. This burst had no ARR. The lightcurve is simple i
This result does not depend on the spectrum or the detie sense that a time dependent polynomial function cousd po
tor response matrix, because we summed up the channels ofSiRly be used to fit it properly. However, we present DDBF re-
CTIME files. However, the DDBF can be used for every chann@ylts only to show that the method works in these simple cses
separately (as it was donelin Szécsi ét/al. (2012b)) and san jvell. The AIC chose 9 singular values, and one can see in the in

be used with CSPEC data to obtain spectral information. formation criterion plot that more values than this are pbad
by the AIC: Too many free parameters would cause the fitted

curve to have unnecessary loops fitted to the noise of the-back
5.2. Examples ground. TheFermi catalogue reports $§=26.624:0.810sec

. . . Paciesas et al. 2012). Detector 'a’ was analysed here.

We began with the observation that manyF#rmi bursts ( d )_ he ligh h y_ K which
(even in non-ARR cases) have a varying background corre- Around -150secs in the lightcurve, there is a peak, whic
sponding to the actual direction of the Satellite. Thus,iden Ccannot be explained by the physical underlying variabless T
was to use this directional information in the filtering aigom. €2uses a little hump in the cumulative lightcurve in Figl 12.
We created a method, which is able to separate this backgroéﬁurthermo_re, the same peak can be seen in the Ilghtcur_ves of
from the lightcurves. Now, we want to demonstrate tiee e other triggered detector,) Itis out of the scope of this a
tiveness of our method, so we present examples here, with eﬁ?lje to decide whether it is a Pfe'bUfS‘_Or another instmime
having an extreme background. tal effect, however, we emphasize again that DDBF can also

These examples were purposely chosen to demonstrate %ﬁlysed for finding pre-bursts or long emissions. We measured

2971
powerful DDBF can be and to give an overall impression abo ?o=29.756_‘1'1983ec0nds.
the cases for which it can be used in and the advantages and
the dfficulties it carries. Two of the examples below are AR
bursts (Sec$.5.2.5 ahd 5J2.7). In general, we would likeadord 8.2.2. GRB 090113.778
attention to the connection between the direction dependen  The Fermi catalogue reports SF=17.408:3.238sec
derlying variables and the variability features of the tmltve: (paciesas et Hl. 2012) and this is a no-ARR case. Detector’0’
the correlation between them are undeniable in every st&gle was analysed heré (Szécsietlal. 2012c). This lightcurve in
(evenin no-ARR cases). Fig. (23 has some extra counts around 400 and 600 seconds.
In each example, we present figures of the origingoth of them can be explained with the variation in the un-
lightcurves for one of the triggered detectors, summagitire derlying variables: Around 400 sec, the Earth limb was out
counts of the ffective range of channels of CTIME file. Onof the FoV and then it came back and peaked at 600 sec until
these lightcurves, we plot the fitted theoretical backgtbwith  the Sun’s position changed significantly. Both of these @oul
a solid line and the reduced chi-square statistics in theighp cause the extra counts. The best chosen model with 12 singula
corner. Then, we show thabsolute valuef the direction de- values could fit these peaks (see the big and small loops in
pendent underlying variables (in one graph), and theiAl€a the fitted lightcurve at 400 and 600 sec). Since the undeglyin
function of used singular values. variables are based on the motion of the satellite, it fadldhmat
As a final result, we show the cumulative lightcurves, whicthese two peaks are probably not astrophysittakés. They do
we used to compute thedvalues. We also give the preliminarynot come from the GRB but from the combinefieet of the
nge from the gamma-ray coordinates netwark (GCN 2013), atdickground sources in the surroundings: the Earth and the Su
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Fig. 11. Top: Lightcurve of theFermi GRB 090102.122 as mea-Fig. 13.  Top: Lightcurve of theFermiGRB 090113.778 as measured
sured by the triggered GBM detector 'a’ and the fitted backgdowith by the triggered GBM detector 0’ and the fitted backgroundhaigrey
agrey line. Burst interval (secs): [-5:33ottom left: Underlying vari- line. Burst interval: [-20:40]Bottom left: Underlying variables (abso-
ables (absolute values). See $écBsttom right: Akaike Information lute values). See Sdd Bottom right: Akaike Information Criterion.

Criterion. See Set. 4.4. See Sed.414.
16000 T T T 2500 T T T
T90 = 29.756 T90 = 19.679
14000
2000
12000
g 10000 | g 1500
3 3
© 8000 ©
: 8 1000 |
% 6000 - %
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3 4000 3 500 r
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0
0 2y w7
00— oo
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time time

Fig. 12. Cumulative lightcurve of GRB 090102.122. Horizontal line§ig. 14. Cumulative lightcurve of GRB 090113.778. Horizontal lines
are drawn at 0% and 100% of total cumulated counts; dots mamy e are drawn at 0% and 100% of total cumulated counts; dots manty e
5%. 5%.

It is important to note that a statement like that could not be Now we may be used to the fact that qu|Ck|y Varying un-
made using the traditional method of polynomial fitting ofi€i.  gerlying variables (which correspond to fast motion of taek
After the background subtraction, the cumulative lighteur lite) cause a quick change in the lightcurve background et th
(Fig.[14) is noisy because this burst was not so intense with osame time. This burst had no ARR, but the satellite started
~ 1800 counts, while other examples have 10000-20000 coumésrotate according to the fast change of the underlying-vari
Our result is Bo=19.6793%3%3sec. ables after the trigger. At this point, the lightcurve is obimg
more quickly than before. The fitted grey line (chi-squaatist

tics are 1.009) pursue this change, and results in a durafion

5.2.3. GRB 090618.353 T90=103_338:g:§‘2‘§seconds.

The Fermi catalogue reports S¥=112.386:1.086 sec
(Paciesas et al. 2012) No ARR was taken. 5.2.4. GRB 090828.099

The data from detector 7’ were analysed here. Neverthgeless
we should note that detector’4’ has so many counts that almos GRB 090828.099 was detected by the GBM on 28 August
any kind of background model seems to be good enough to ca2009 at 02:22:48.20 UT (GCN 2013, 9844). The first GBM cat-
pute Too when using detector’4’. We still choose to present dedogue reported §f'=68.417:3.167 sec| (Paciesas ef al. 2012).
tector’7’ here, because we can show our method working inTais is a non-ARR case. The data from detector’5’ was anal-
more complicated case. ysed here.
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Fig. 15. Top: Lightcurve of theFermi GRB 090618.353 as measuredrig. 17.
by the triggered GBM detector '7’ and the fitted backgrounthwigrey by the triggered GBM detector '5’ and the fitted backgrounthwigrey
line. Burst interval: [-20:130]Bottom left: Underlying variables (ab- line. Burst interval: [-10:80]Bottom left: Underlying variables (abso-
solute values). See S&¢.Bottom right: Akaike Information Criterion. lute values). See Sdd RBottom right: Akaike Information Criterion.

See Se¢ 4]4.
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Fig. 16. Cumulative lightcurve of GRB 090618.353. Horizontal linesig. 18. Cumulative lightcurve of GRB 090828.099. Horizontal lines
are drawn at 0% and 100% of total cumulated counts; dots maly e are drawn at 0% and 100% of total cumulated counts; dots magtly e

5%.

5%.

The AIC gives us the model with 7 singular values. This is Additionally,/Gruber et &1/(2011) performed a detailedlana
also a simple background. Only the first 300-400 sec are inflysis of this burst and its optical afterglow. Here, we showHFD
enced by the fast motion, but DDBF could filter thifeet. The duration results separately for the two triggers. Furtheesti-

duration computed with the DDBF is,d=63.608}¢27seconds. gation is needed to analyse the totdl020 seconds of this ex-

5.2.5. GRB 091024.372 and .380

for 5 hours starting-350 sec aftefthe second}rigger.’ (GCN

2013, 10114)

Article number, page 10 €f16

treme long burst as a whole with DDBF. This will be provided
in a future work.

Figure[I9 shows the CTIME data of the first trigger (.372)
This case deserves attention because an ARR was causeddiyg the triggered detector '8’. The second burst episfee a
this burst. The GBM was triggered twice on GRB 091024: tH#30 sec can also be recognized in the lightcurve by the naked

first time at 08:55:58.47 UT (GRB 091024.372) and the secoage (however, the satellite changed its position at the tifitleis
time at 09:06:29.36 UT (GRB 091024.380). The GCN 10114 rsecond trigger, so this emission looks less intensive medei
ports: 'This burst was detected by Swift and the Fermi Gammtgector '8"). On the other hand, one can notice that the uyaeyl

ray Burst Monitor with a first emission interval lastind0 sec variables do not show any variability at this time intern@lal-
and a second emission interval startirBB0 sec after trigger anditatively this means that something is happening there lwtsc
lasting more than 400 sec. The spacecraft performed a repaiot coming from our modelled sources (Earth or Sun). This can
ing maneuver for this burst which resulted in pointed obstiom be shown more quantitatively, if one considers that andtoaid

minimum can be seen at 15 which are close to the global mini-
mum at 20, which AIC determines for this fit. Here the models
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with too many free parameters considered the second burst as 1700
a background noise and tried to filter it with these polyndmia 1600 |
loops. Indeed, the fitted curve shows several loops, edpeaia
the interval of the second burst.

1400 |

We can draw two lessons from all of this. First, one has to 1500 ““
use AIC with caution. Sometimes, the preferred singulaneval ikl W\WWWWWW i

is not the one AIC gives, if there is another one close enough. 1200 ¢
In the case of the first emission (.372), there are no loopsen t 1100
fitted curve, when one uses only 15 singular values (the skecon 1000 |
local minimum of the AIC). Fortunately, the finabdresult does 000 |
not change much (less than 1% in this case). Second, one needs 800 L ‘
to pay more attention to too many singular values (we would 1000 900 -600 400 200 O 200 400 600 800 1000
say more than 20, based on our other examples), especially if . I time
there is an additional local minimum in AIC close to the chose st e nomaiedine
one. This can mean that something is happening that cannot be[- 4
well modelled and may be an astrophysical process. We alread*’| ™. <
mentioned that DDBF can be used to detect long emissions: Thicef > TR S
is clearly such a case. Our final result for the first emissi®nl) o

is Tgo=100.013/ 28 seconds. wN T T e

The second burst emission is after 630 sec in Eig. 19. As im0l m‘o P ML
we already mentioned, this second emission resulted a decon m
trigger from the GBM (.380), which is shown in Fig.J21 usingrig. 19. Top: Lightcurve of theFermiGRB 091024.372 as measured
the data of the triggered detector '9’. Here, the first trigige by the triggered GBM detector '8’ and the fitted backgrounthwigrey

visible at -630 sec. However, it is less intensive, sincecter line. Burstinterval: [-19:119] Bottom left: Underlying variables (ab-
'9’ was not triggered with the first emission. solute values). See S&¢.Bottom right: Akaike Information Criterion.

" chiz =1.108
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18265

18255

£ 18250
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See Sed.4]4.
This second burst was so long (GBM Catalogue reported
TS3=450.569 sec. (Paciesas etlal. 2012)) that we needed to re- 14000 —————
consider the best model given by AIC. The minimum of AIC as 12000 107100013 - A
a function of the used singular values is at 11, but this mbdsl|
a large polynomial loop in the burst interval and is, therefo 10000 -

useless. Although this is understandable, longer burstvats
lead to shorter fitted backgrounds (and thus, a large amdunt o
information can be lost), it implies that the informatioiterion

has to be used with caution, especially in extreme casesidn t
case, we chose the model with 7 singular values. This model fit 2000 -
the background considerably well according to our expegen
and is supported by the information criterion: The smaliesal

minimum 1S at 7 OO-01000 -860 -660 -460 -260 6 260 460 (;OO 860 1000

The ARR was issued at 09:12:14.28 UR70 sec after the time
first trigger (.372) and-350 sec after the second trigger (.380%ig. 20. Cumulative lightcurve of GRB 091024.372. Horizontal lines
(Gruber et al. 2011). A small change in the underlying vdegb are drawn at 0% and 100% of total cumulated counts; dots mety e
at 350 sec in Fig. 21 can be seen, but the ARR slew was not &6.
large, since the source was already at 15 degrees from the LAT
boresight. Nonetheless, théfect of the ARR is represented by
the fitted model, as seen by the small knot of the grey line @t 35
400 sec in FigL21. As for the cumulative lightcurve in Figl 22  AIC gives us a best model of 17 singular values. After
the first emission at -630 sec is present with a non-significahe background subtraction, the cumulative lightcurve (E8)
sign, otherwise our result ofed=461.37133272seconds agreesgives us F=87.7255311sec. For error estimation, see Séc. 6.
with the GBM Catalogue.

8000

6000 -

4000 -

cumulated counts

0 N Y.

5.2.7. GRB 100414.097
5.2.6. GRB 100130.777
This GRB also had an ARR event. Quoting the GCN
The Fermi GRB 100130B was detected by the GBM on 1@eport 10595: 'At 02:20:21.99 UT on 14 April 2010, the
January 2010 at 18:38:35.46 UT. The GBM GRB Catalogue preermi Gamma-Ray Burst Monitor triggered and located GRB
sented F3=86,018:6,988secl(Paciesas etlal. 2012). We anal00414A. The Fermi Observatory executed a maneuver follow-
yse the data of triggered Nal detector '8’ using DDBF. ing this trigger and tracked the burst location for the ngxo6rs,

Although the background does not change extremely durifigbjéct to Earth-angle constraint§GCNI2013, 10595)
the~ 80 sec of the burst, it is a good example to present the con- In this case, we chose to analyse a non-triggered detector
tribution of the celestial position of the satellite to thotweal level (detector '5’). Because this burst was so intensive andhbrig
of the background. If one takes a look at [Figl. 23, one can sae tthe triggered detectors show totally negligible backgrbrate
the variation in the lightcurve has a connection to the Viama variations compared to the brightness of the burst. Sinosaws
in the underlying variables. to demonstrate that our method works in very complicatedsas
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Criterion, the smallest local minimum of 7 singular valuesised here. See Sed.414.

See Sed.414.
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be filtered by using dierent energy channels. Our result is

as well, we analyse a lower signal-to-noise detector. Etlgle Too=22.195%14%sec.
DDBF can also fit the data of the bright triggered detectors we '

The GBM Catalogue reports a duration of
Tgo =26.49%2.073sec. According to the GCN 1059 . ;
and 10610, this burst also triggered the LAT and Swzaku . Confidence intervals
Wide-band All-sky Monitor (WAM)(GCNI2013, 10594,10610).  The DDBF method described above is too complicated to

As we already mentioned above, singular values that are @ige a simple expression for the error afpusing general rules
high (>20) deserve attention. In this case, the AIC chose 2f error propagation. We therefore decided to give confidenc
singular values. This 21 singular value model describes timervals corresponding to 68% (approximately tevel). For
background well. The only exception is the extra count ratkis, we use Monte Carlo (MC) simulations. We simulate the
around 600 sec, which is also clearly noticeable in the cuniata with Poisson noise: Assuming that counts are given by a
lative lightcurve. More detailed analysis of the spectedtfires Poisson process, we exchange our input data to one comimg fro
of this event are needed to determine if this event is caugedaébrandom Poisson distribution. In the case of a Poissoritalistr
the burst or not. Given that there were additional obsesaatby tion, which is parametrised by the mean ratg the expected
the LAT and by the Suzaku WAM which do not reportlong emissalue is given byl. We therefore replace each datapoint with a
sion, we expect that this was a local event at the GBM causediajue drawn from a Poisson distribution with a mean equdieo t
cosmic rays or another possible transient source, whicldcodatapointin question.
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Table 1. Final Tgg and Tgg results.

Burst | sing.v.|| Too(s) | Conf. int. (5 | U6 | Tso(s) | Conf.int. (g | Tgég(s) |
090102.122, 9 29.756 | +2.971 | -1.198 | 26.624:0.810 10.859 | +0.531 | -0.556 9.728:0.572

090113.778 12 19.679 | +10.883 | -6.421 17.408:3.238 6.408 | +0.498 | -0.344 6.141+1.446

090618.353 15 103.338| +3.842 | -6.725 | 112.386:1.086| 22.827 | +2.201 | -1.530 | 23.808:0.572
090828.099 7 63.608 | +1.467 | -1.652 | 68.41%A3.167 || 11.100 | +0.198 | -0.194 | 10.752:0.320
091024.372 26 100.013| +7.908 | —4.156 | 93.954t5.221 41.896 | +2.987 | -1.731 | 39.9341.056
091024.380 7 461.371| +48575| -71.535 | 450.569-2.360 | 283.202| +7.360 | —65.306 | 100.613-0.923
091030.613] 14 22.609 | +13518| -4522 | 19.20Q:0.871 || 10.770 | +0.388 | -0.424 | 9.472:0.345

100414.097| 21 22.195 | +2.149 | -1.421 | 26.4942.073 11.468 | +0.549 | -0.906 | 13.248:0.272
100130.777| 17 87.725 | +5.311 | -4911 | 86.018:6.988 30.829 | +1.317| -1.928 | 34.049:1.493

Notes. Final Tgoo and Tso results, confidence intervals (see Séc. 6land Szécsi eDaR(€P, and the number of singular values ($ed. 4.3) found
with Akaike Information Criterion (Se€.4.4) for the burstsalysed in this paper (Ség. 5). We also show the duratiere\afi Tsy and T of the
GBM Cataloguel(Paciesas etlal. 2012) for comparison [SEg. 6.

DDBF was repeated for 1000 MC simulated data. The diand using the error estimation/of Koshut et al. (1996) would u
tribution of the Poisson-modifiedsd and Tsg values are shown derestimate the real error of our method.
in Fig.[24 and Figl 28 for GRB 091030.613, respectively. Furthermore, we give éierent higher and lower confi-
Fig.[Z7 shows two significant peaks around 22 and 47 sétgnce intervals. In our experience, many bursts shdierent
onds. The first peak at 22 seconds corresponds to the m@@ounts of uncertainties at the starting point than at the fin
sured o value. However, the measuredyvalue is system- ishing point. One demonstrative example is thg Value of
atically longer in some cases of the Poisson noise simulatiéRB 091030.613: the MC modified distribution in Fig] 27 is
because this burst has a little pulse around 47 seconds (@é@rly notsymmetric. Therefore, it would be an oversifingdi
Figs[9 and10), andgh is sensitive for this kind of uncertainties.tion to give only one value as an error bar or confidence iaterv
In Fig.[Z8., there is, however, no sign of this second peakisT For more examples, see Szeécsi etial. (2012c).
more robust and less likely to be influenced by these fluanati  Given all of these facts, it follows that a comparison wité th

(Szécsi et &l. 2012c). Fermi GBM Catalogue data is not meaningful in a quantitative
Final results of Tos and s with confidence intervals areS€nse at the moment. [tis currently under way to process all
given in TabléL for the bursts mentioned in S&cl 5.2. Fermi bursts with DDBF and publish an alternative catalogue,

in which we will use the combined data of the detectors. Un-
fortunately, we cannot say anything about the robustnessiiof
6.1. Comparison with the Fermi GBM Catalogue method until we finish processing a significant number oftsurs
~ Onceitis done, we will provide an overall statistical comgan
In Table[1, we also show theg¥s and s of the Fermi  petween the two dataset together with our catalogue.
GBM Cataloguel(Paciesas etlal. 2012) for comparison.
At this point, we need to give some notes about théedi
ences between the method of the Catalogue and DDBF. Firs¥efSummary and conclusion

all, we only used one detector when we measured the duratlon,smce the commonly used background filtering methods are

whilst the Catalogue used the sum of the _bnghtest detectors not efficient for many cases of theermi we developed a new
On the other hand, there are furtheffeiiences between theiechnique based on the motion and orientation of the satel-

Catalogue's method and the DDBF. As we mentioned in[Sec,gs known as the the Direction Dependent Background Fttin
our method solved the problem of automatizing the identiica (ppBF) method.
of the 0% and 100% levels of cumulated counts, so the user do The DDBF technique considers the position of the burst, the

not need to define them by hand. This disposes of one possi§if, and the Earth. Based on this information on position, we
error source. computed physically meaningful underlying variables attddi
Additionally, using direction dependent variables progtiic a four dimensional hypersurface on the background. Simgula
the possibility of fitting the whole CTIME background (onhet  value decomposition and Akaike information criterion wesed
burst has to be takenffoin the middle). This reduces the erroto reduce the number of free parameters. More research may
of the user selected background intervals and, on the otivet,h pe required to find a more suitable model dimension reducing
makes the automatic detection of a long emission possilde. Sriterion.
Sec[4.5. for more details. The background model was subtracted from the measured
With respect to the error estimation of the Catalogudata, resulting in background-free lightcurves. Thedwdigrves
they followed the method developed for the BATSE data lman be used to perform statistical surveys. We showedfthe e
Koshut et al. [(1996), which uses the variance of the 0% ani¢ncy of our DDBF method computing durations of some very
100% levels of cumulated counts as a basis for the error estimplicated cases. We also calculated confidence intefmals
mates|(Paciesas et al. 2012). We decided to avoid this metlood duration values corresponding te level.
(as we avoid the use of time-dependent polynomial methods de We summarized some of the mainffdrences between
veloped for the BATSE, as seenin 9dc. 2), and give an alfeenaDDBF and the background estimation method of the GBM Cat-
solution with Monte Carlo simulation of the data in Selc. 6isThalogue and decided not to give a quantitative comparisdnist t
choice is based on our belief that the DDBF is too complicatgabint. Our plan is to process the combined data of the detecto
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Fig. 25. Top: Lightcurve of theFermi GRB 100414.097 as mea-
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with DDBF for everyFermiburst and produce an alternative cat-

alogue. This future work will also contain the statistigaile- o the 2000 sec data file could be problematic. The DDBF is not
vant comparison of thefficial GBM Catalogue and the DDFB necessary for short events, as tieets of the motion of the
Catalogue which has yet to come. spacecraft are negligible: One may use the time dependbnt po
The DDBF method has the advantage of considering omipmial fitting for short GRBs. However, DDBF is able to dis-
variables with physical meanings and it fits all the 2000 seover long emissions or prebursts, as we have shown il .S&c. 5.
CTIME data well as opposed to the currently used methotherefore, DDBF could be used to verify the final result in the
These features are indeed necessary when analysing long,GRBse of short bursts as well.
where motion &ects can influence the backgroundrate ina very |n summary, celestial position plays an important role i th
extreme way. Therefore, not only Sky Survey but also ARRermidata set. If one wants to filter the background more ef-
mode GRB's can be analysed, and possible long emission @gfently and in a physically more comprehensible way, ong ha
be detected. to use this information. Utilizing this principle, we haveeated
Furthermore, there seems to be no reason why DDBF cotthé DDBF method. In future work, DDBF will be used to create
not be used for other sources than GRBs. The method only carcatalogue of the durations of thermi GBM GRBs.

siders the background levels before and after the eveme_th%\cknomdedgerrmts This study was supported by the Hungarian OTKA-77795

fore, the eventitself has no influence to the resulted batkgt o by OTKANKTH A08-77719 and A08-77815 grants (Z.B.). D. Sz. is
model, even if it is very bright. Nevertheless, the dura@n grateful to Péter Veres for the introduction to the field of BRB data analy-

play a role in its applicability. Events that are compardblyg sis and for all the useful explanations and to Aron Szab6 fghlighting the
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mathematical basics of the statistical methods and for &tigmpce and advices. a cone with
We would like to express our gratitude to William Paciesashfe generous help
with the ARR cases. Additionally, thanks to David Gruber fig comments
concerning GRB 091024 and for all the discussions and iaspirs. Special
thanks to Gerard Fitzpatrick for the language editing. V¥e &hank the anony- [~
mous Referee for the especially constructive remarks agdestions. D.Sz.
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Fig. A.1. Earth limb seen onboard from ti&rmi Detector can only
References see the coloured parts above the solid horizontal black line

Ackermann, M. et al. 2012, ApJ, 750, 35

Akaike, H. 1974, IEEE Transactions on Automatic Control, 186

Brigg_s, M et al. 201(_), JGR, 115, A07323 ) )

Fermi-Timeline-Posting. ~ 2013, ~ Fermi ~ Science  Support — &ent\herex is a function ofp ando. It is easy to see that the light

httpy/fermi.gsfc.nasa.ggssgobservationgimeling/postingary . : : : : . : P
Fitzpatrick, G. et al. 2011, Fermi Symposium proceedinGard C110509 grey trlangle In FIglII]. IS a spherlcal trlangle, since very

GCN. 2013, The Gamma Ray Coordinates Network, gcn.gstz.gas side is a geodetic curve. Therefokgan be calculated from the
Gruber, D. et al. 2011, A&A, 528, A15 Napiers pentagon:

Koshut, T., Paciesas, W., Kouveliotou, C., et al. 1996, 463, 570

Long, P. 2005, Introduction to Octave (Department of Engimg, University

of Cambridge) tan — o

Meegan, C. et al. 2009, ApJ, 702, 791 K= aCOE(L). (A.4)

Paciesas, W. S. 2013, private communication tano

Paciesas, W. S. et al. 2012, ApJS, 199, 18

Press, W. H., Teukolsky, S. A., Vetterling, W. T., & FlanyerB. P. 1992, Nu- .
merical Recipes in C: The Art of Scientific Computing (Cardgg University Then, we calculate the light grey surface. The area of a
Press, New York) spherical triangle is given by the Girard formule:

Sakamoto, T. et al. 2008, ApJS, 175, 179

Szécsi, D. et al. 2012a, Acta Polytechnica, 52, 43

Szécsi, D. et al. 2012b, Proceedings of F¢@wift GRB Conference, Munich, ¢ . - (0.p) = —m+ 2+ 22 (A.5)
PoS(GRB 2012)051 gigreyss ’

Szécsi, D. et al. 2012¢, Fermi Symposium proceedings, e@##1028
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arga, B, Hotvaih, 1., & Balazs, L. 5. oV tme ’ Thus, the surface above the black line is the sum of the light
grey and dark grey parts:

- acos(M)] (1 - coso)

Appendix A: Earth in the FoV

In Sec[3.2, we defined one of the underlying variables a8<(, p)

2

the Earth-occulted sky rate —i.e., the Earth-uncoveredske- tano
lated to the size of the detector’s Field of View (FoV). Hexe, tanp — o)
present the computations. T 2acos(W)
Let us haveR as the radius of Earth arfdas the altitude of
the satellite. (The actudl during the burst is known from the +2acos(cos P —o)-sin acostan(o——o-))Aﬁ)
LAT spacecraft data file.) The apertureof the cone constituted tano

by the Earth-limb seen from the board of satellite is

. R

o= asmm. (A.2)

Angular dependence of the detectéieetive area is assumed
to be constant, so the FoV of one GBM detector isskerad.
However, more precise calculations could be done knowiag
real characteristics (Meegan etlal. 2009).

When the Earth-limb is totally in the FoV, the Earth-covered
areais computed by integrating on a spherical surface lasv®| (0, p) = 2

Eqgn. [A.8) has to be modified a little bit when< ¢ In this
case, the horizontal solid black lineaserthe half of the circle,
and the light grey triangle has to Isebtractedrom the integral
t%alculated from[{A.R) with instead of 2:

acos(m)] [1-coso] +7
tano

21 o

Qiotal(0) = ﬁ ﬁ sinddfdd¢ = 2r (1 — coso). (A.2) 2acos(tan o _p))
Eqn. [A.2) means the solid angle of a cone of aperture an

If only a fraction of the Earth-limb is in the FoV, thed = —2acos(cos o —p)-sin acof(w)). (A7)
Q(o, p) is smaller ther)ya and is a function of the maximum tano
altitude of the Earth-limkp as well. In this case, we have to
separate the area in the FoV to two parts, which are markéxd wit
light grey and dark grey on Fig.A.1.

We can calculate the dark grey surface the same way as

above. Using 2—2x, instead of 2 when integrating with respect VW& Plot equation[{Ak) and_(Al7) as a function pffor

- o = n/3, as seen in Fig._Al2. Equations._(A.6) ahd (A.7) give
to ¢, we find that us equation[(A]2), whep = 20, and have no meaning when
Qdarkgrey (0 p) = 2(7 — k) (1 — coso) , (A.3) p < oorp> 20. Therefore, we define an underlying variable
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x® (called theEarth-occulted sky ratsee Sed_ 312 afid4.1) the
following way:

0, if p <0,
Qp<()' .
#, if0<p<o;
X® = 3 Qr<(a, p) (A.8)

if o <p<20;

L"ﬁ") if 20 <
2r =
Note that we divided by 2 because we assumed that FoV
of the detector is 2 sterad. In that way, we get the rate of the
Earth-limb to the FoV. We computed expression (A.8) for gver
second of the lightcurve and use it as an underlying varigble
Sec[3P.
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