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Direction dependent background fitting
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• The new model takes into account:
• angle between detector and burst
• angle between Sun and detector
• Earth uncovering

• Numerical fitting
• Lightcurve without background→ further analyses
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ABSTRACT

Context. We present a method for determining the background of the gamma-ray bursts (GRBs) of the Fermi Gamma-ray Burst
Monitor (GBM) using the satellite positional information and a physical model. Since the polynomial fitting method typically used
for GRBs is generally only indicative of the background over relatively short timescales, this method is particularly useful in the cases
of long GRBs or those that have autonomous repoint request (ARR) and a background with much variability on short timescales.
Aims. Modern space instruments, like Fermi, have some specific motion to survey the sky and catch gamma-ray bursts in the most
effective way. However, GBM bursts sometimes have highly varying backgrounds (with or without ARR), and modelling them with a
polynomial function of time is not efficient – one needs more complex, Fermi-specific methods. This article presents a new direction
dependent background fitting method and shows how it can be used for filtering the lightcurves.
Methods. First, we investigate how the celestial position of the satellite may have influence on the background and define three
underlying variables with physical meaning: celestial distance of the burst and the detector’s orientation, the contribution of the Sun
and the contribution of the Earth. Then, we use multi-dimensional general least square fitting and Akaike model selection criterion
for the background fitting of the GBM lightcurves. Eight bursts are presented as examples, of which we computed the duration using
background fitted cumulative lightcurves.
Results. We give a direction dependent background fitting (DDBF) method for separating the motion effects from the real data and
calculate the duration (T90, T50, and confidence intervals) of the nine example bursts, from which two resulted an ARR. We also
summarize the features of our method and compare it qualitatively with the official GBM Catalogue.
Conclusions. Our background filtering method uses a model based on the physical information of the satellite position. Therefore,
it has many advantages compared to previous methods. It can fit long background intervals, remove all the features caused by the
rocking behaviour of the satellite, and search for long emissions or not-triggered events. Furthermore, many parts of the fitting have
now been automatised, and the method has been shown to work for both sky survey mode and ARR mode data. Future work will
provide a burst catalogue with DDBF.

Key words. gamma-ray burst: general – methods: data analysis – instrumentation: detectors – gamma rays: diffuse background

1. Introduction

NASA’s Fermi Gamma-ray Space Telescope has an orbit of alti-
tude ∼565 km and period of ∼96 min. It carries two main instru-
ments on board. The Large Area Telescope’s (LAT) energy range
(20 MeV−300 GeV) overlaps the energy range of the Gamma-
ray Burst Monitor (GBM, 8 keV−40 MeV). GBM consists of
two types of detectors: 12 sodium iodide (NaI) and 2 bismuth
germanate-oxide (BGO) detectors (Meegan et al. 2009).

The primary observation mode of Fermi is sky survey mode.
This enables the LAT to monitor the sky systematically, whilst
maintaining an uniform exposure. In this mode, the entire sky is
observed for ∼30 min per 2 orbits. If a sufficiently bright GRB is
detected by GBM, an autonomous repoint request (ARR) may be
issued. This will cause the satellite to slew, so that the burst’s co-
ordinates (calculated by the GBM) stay within the field of view
of the LAT for ∼2 h (Fitzpatrick et al. 2011). However, this repo-
sitioning right after the trigger results in rapid and high back-
ground rate variations of the GBM lightcurves – sometimes even
during the burst, which is the most important time of the obser-
vation. Therefore, it is crucial to have a filtering method, which
is capable of correcting for the background variations caused by
the ARR.

To date, GBM has triggered on 1000 GRBs (GCN 2013),
(Fermi-Timeline-Posting 2013). Only a small fraction
(∼70 GRBs) resulted an ARR (Paciesas 2013, priv. comm.).
The relatively low rate of ARR’s is due to the GBM trigger that
has to meet certain criteria (such as high peak flux) before an
ARR occurs. When we started to analyse GRBs detected by
GBM, we found that several non-ARR bursts have a background
variation of the same order of magnitude as the burst itself.
As we will show, one can find connection between these
background rates and the actual position and orientation of
the satellite. Therefore it is necessary to use the directional
information to filter the background not only for ARR but also
for many non-ARR cases.

Here, we present the effect of the slew and how it is rep-
resented in the measured data of the GBM. We summarize why
the usual background subtraction methods are inefficient in most
cases, especially for the long bursts, as seen in Sect. 2. Then, we
introduce variables based on the position of the satellite related
to the Earth and the Sun (Sect. 3) and use them with the time
variable to fit a general multi-dimensional linear function to the
background (Sect. 4). Our method is called direction dependent
background fitting (DDBF).
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Motivations of PhD topic

• Massive Stars
• mixing & mass loss = ?
• Milky Way, LMC, SMC [Brott et al. 2011]

• Low metallicity
• massive stars evolve differently [Yoon et al. 2006]

• → lGRBs, Pair Instability SNe

• Z = 0.1×ZSMC
• lowest Z to observe stars: Blue Compact Dwarf galaxies
• 'ZGC & high-z galaxies

Z
0

BCDs SMC LMC MW
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Angular momentum – long duration GRB



Pair instability supernova



Final fates

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9GRB PISN

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9GRB PISN

SNIIP

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

BH

GRB PISN

SNIIP

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9GRB PISN

SNIIP BH PISN

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!



Final fates

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9GRB PISN

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9GRB PISN

SNIIP

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

BH

GRB PISN

SNIIP

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9GRB PISN

SNIIP BH PISN

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!



Final fates

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9GRB PISN

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9GRB PISN

SNIIP

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

BH

GRB PISN

SNIIP

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9GRB PISN

SNIIP BH PISN

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!



Final fates

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9GRB PISN

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9GRB PISN

SNIIP

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

BH

GRB PISN

SNIIP

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!

 0

 100

 200

 300

 400

 500

 600

10 20 39 77 150 294

In
it
ia

l 
ro

ta
ti
o

n
a

l 
v
e

lo
c
it
y
 [

k
m

/s
]

Initial mass [M⊙] 

s
u

rfa
c
e

 H
e

 m
a

s
s
 fra

c
tio

n
 a

t T
A

M
S

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9GRB PISN

SNIIP BH PISN

B
or

d
er

ne
ed

s
m

or
e

in
ve

st
ig

at
io

n!



Photoionization fluxes

 4.5

 5

 5.5

 6

 6.5

 7

 7.5

 3.6 3.8 4 4.2 4.4 4.6 4.8 5 5.2

lo
g

(L
/L

⊙
)

log(Teff)

20 M⊙

39 M⊙

77 M⊙

150 M⊙

294 M⊙

N
u

m
b

e
r o

f io
n

iz
in

g
 p

h
o

to
n

s
 p

e
r s

e
c
o

n
d

 [1
0

5
0/s

e
c
]

 0

 1

 2

 3

 4

 5

 6

 7

 8

 9

 10

Lyman continuum→ VMS

Black Body radiation

 4.5

 5

 5.5

 6

 6.5

 7

 7.5

 3.6 3.8 4 4.2 4.4 4.6 4.8 5 5.2

lo
g

(L
/L

⊙
)

log(Teff)

20 M⊙

39 M⊙

77 M⊙

150 M⊙

294 M⊙

N
u

m
b

e
r o

f io
n

iz
in

g
 p

h
o

to
n

s
 p

e
r s

e
c
o

n
d

 [1
0

5
0/s

e
c
]

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

He II continuum→WR

Black Body radiation



Photoionization fluxes

 4.5

 5

 5.5

 6

 6.5

 7

 7.5

 3.6 3.8 4 4.2 4.4 4.6 4.8 5 5.2

lo
g

(L
/L

⊙
)

log(Teff)

20 M⊙

39 M⊙

77 M⊙

150 M⊙

294 M⊙

N
u

m
b

e
r o

f io
n

iz
in

g
 p

h
o

to
n

s
 p

e
r s

e
c
o

n
d

 [1
0

5
0/s

e
c
]

 0

 1

 2

 3

 4

 5

 6

 7

 8

 9

 10

Lyman continuum→ VMS

Black Body radiation

 4.5

 5

 5.5

 6

 6.5

 7

 7.5

 3.6 3.8 4 4.2 4.4 4.6 4.8 5 5.2

lo
g

(L
/L

⊙
)

log(Teff)

20 M⊙

39 M⊙

77 M⊙

150 M⊙

294 M⊙

N
u

m
b

e
r o

f io
n

iz
in

g
 p

h
o

to
n

s
 p

e
r s

e
c
o

n
d

 [1
0

5
0/s

e
c
]

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

He II continuum→WR

Black Body radiation



Summary

• since 2008 (Eötvös University, Budapest) – Prof. Dr. Zsolt Bagoly

• background fitting of Fermi GRB observations

• results published: Astronomy & Astrophysics 557, A8 (2013)

Undergraduate research

• massive stellar evolution at low metallicity

• computed >300 stellar tracks (behaviour, final fates)

• conference poster (June, 2013) + conference talk (September, 2013)

First year of PhD

• solve open questions, match observations, update theory

• publication (in progress)

• teaching assistant for ’Stars and Stellar Evolution’

Future plans

• solve open questions, match observations, update theory

• publication (in progress)

• teaching assistant for ’Stars and Stellar Evolution’

Future plans



Summary

• since 2008 (Eötvös University, Budapest) – Prof. Dr. Zsolt Bagoly

• background fitting of Fermi GRB observations

• results published: Astronomy & Astrophysics 557, A8 (2013)

Undergraduate research

• massive stellar evolution at low metallicity

• computed >300 stellar tracks (behaviour, final fates)

• conference poster (June, 2013) + conference talk (September, 2013)

First year of PhD

• solve open questions, match observations, update theory

• publication (in progress)

• teaching assistant for ’Stars and Stellar Evolution’

Future plans

• solve open questions, match observations, update theory

• publication (in progress)

• teaching assistant for ’Stars and Stellar Evolution’

Future plans



Future plans

• solve open questions, match observations, update theory

• publication (in progress)

• teaching assistant for ’Stars and Stellar Evolution’

Future plans



Future plans

• solve open questions, match observations, update theory

• publication (in progress)

• teaching assistant for ’Stars and Stellar Evolution’

Future plans



Future plans

• solve open questions, match observations, update theory

• publication (in progress)

• teaching assistant for ’Stars and Stellar Evolution’

Future plans



Future plans

• solve open questions, match observations, update theory

• publication (in progress)

• teaching assistant for ’Stars and Stellar Evolution’

Future plans



Summary

• since 2008 (Eötvös University, Budapest) – Prof. Dr. Zsolt Bagoly

• background fitting of Fermi GRB observations

• results published: Astronomy & Astrophysics 557, A8 (2013)

Undergraduate research

• massive stellar evolution at low metallicity

• computed >300 stellar tracks (behaviour, final fates)

• conference poster (June, 2013) + conference talk (September, 2013)

First year of PhD

• solve open questions, match observations, update theory

• publication (in progress)

• teaching assistant for ’Stars and Stellar Evolution’

Future plans

Thank you for

your atten
tion!



Summary

• since 2008 (Eötvös University, Budapest) – Prof. Dr. Zsolt Bagoly

• background fitting of Fermi GRB observations

• results published: Astronomy & Astrophysics 557, A8 (2013)

Undergraduate research

• massive stellar evolution at low metallicity

• computed >300 stellar tracks (behaviour, final fates)

• conference poster (June, 2013) + conference talk (September, 2013)

First year of PhD

• solve open questions, match observations, update theory

• publication (in progress)

• teaching assistant for ’Stars and Stellar Evolution’

Future plans

Thank you for

your atten
tion!


