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Summary

CTAN

CTAO - Quick presentation

Bending Model
What is it?
Why do we need it?
How can we improve it?

Gamma Ray Burst Analysis
What are GRBs?
Why are they so important?
Can we improve the detection ability?
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c UAPP CTAO — Quick presentation

CTAO: array of imaging atmospheric Cherenkov telescopes
- 2 sites in each hemisphere

- 3 types of telescopes to cover from 20 GeV to 100 TeV

ot

s 4

lllustration of the future CTAO South site,
Credit : Gabriel Pérez Diaz (IAC)/Marc-André Besel (CTAO)/ESO/ N. Risinger (skysurvey.org)

CT_[\‘ o 27/11/2024 Léo Le Moigne



cUAPP CTAO — Quick presentation

CTAO: array of imaging atmospheric Cherenkov telescopes

— LST-1: first telescope of the array

LST-1 moving

LST-1 picture, at twilight

CTI\‘O November 2024 Léo Le Moigne



c UAPP CTAO — Quick presentation

CTAO: array of imaging atmospheric Cherenkov telescopes

— Detection principle

1TeV
proton

7 S = S

Working principle of LST-1 (don’t judge please, |
did this gif myself)

Scheme of the electromagnetic shower
Credit: J.A. Hinton and W. Hofmann
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cUAPP

Laboratoire d’Annecy de Physique des Particules

Bending Model: Ensuring a correct pointing
Working principle, Optimization, Improvements
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cLAPP Bending Model

Goal developed at LAPP by a former phd student, Mathieu de Bony
oa

— taking into account the deformation of the structure

=> correcting the systematic errors of the pointing (< 1 arc-minute)

~ 2 tons

CT_[\‘ o 27/11/2024 Léo Le Moigne



UAPP Bending Model

Goal
- taking into account the deformation of the structure

=> correcting the systematic errors of the pointing (< 1 arc-minute)

A°® Camera
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Monitor

~ 2 tons
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Pictures of the CDM, at the center of the dish
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CAPP Bending Model

Goal
— taking into account the deformation of the structure

=> correcting the systematic errors of the pointing

Basic procedure

Pointed star Center of the camera

Camera

— choose a star
- point the star P .
LED / J "
— measure the shift between the center of the T
camera and the image of the star ® ®
=> derive a mechanical model that predicts the shift Laser target Image of a laser on the target

Sketch of the CDM field of view

CTND /11202 Léo Le Moigne 9



c CAPP Bending Model

Working principle
— derive a mechanical model from star misspointing

Example of an observation

Star Images Dark Images Final Images

2000 2000 2000

1500 1500 1500

1000 1000 1000

500

0 0 - - - —
0 250 500 750 1000 1250 1500 1750

0
0

0 250 500 750 1000 1250 1500 1750 250 500 750 1000 1250 1500 1750

Base Images

Star (a), dark patch (b) and finale (c) pictures
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cLAPP Bending Model

Working principle
— derive a mechanical model from star misspointing

Example of an observation

_ _ ) LEDs picture
LST-1 picture, with LEDs switched on

CT_[\‘ O 27/11/2024 Léo Le Moigne
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cLAPP Bending Model

Working principle
— derive a mechanical model from star misspointing

Example of an observation

Fit LED circle

LEDs picture

LST-1 picture, with LEDs switched on

CT_[\‘ O 27/11/2024 Léo Le Moigne
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CUAPP

Bending Model

Working principle
— derive a mechanical model from star misspointing

Example of an observation

200 5

150 =

100 {i

by
50 o
&

Miss pointing
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13



CLAPP Bending Model

Working principle

— derive a mechanical model from star misspointing

180°

Distributions of (a) pointed stars between over a certain period and (b) corresponding miss-
pointing, in polar representation

CTND /11202 Léo Le Moigne 14



CLAPP Bending Model

Working principle

— derive a mechanical model from star misspointing

Compute the miss-
pointing for each point,
with mechanical model

Distribution of miss-pointing compared with the predicted miss-pointing evaluated with
mechanical model, in polar representation

CT_[\‘ o 27/11/2024 Léo Le Moigne
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< CAPP Bending Model

One of the challenge of bending model: optimizing time
- 9h/Moon cycle, time is precious !
Questions:
= how many stars do we need to ensure a robust mechanical model ?

= how can we gain time on data taking ?

CT_[\‘ O 27/11/2024 Léo Le Moigne
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CAPP Bending Model

One of the challenge of bending model: optimizing time
— 9h/Moon cycle, time is precious !
Questions:

= how many stars do we need to ensure a robust mechanical model ?

= how can we gain time on data taking ?

100 points in the sky grid seems
to be a good approximation

CT_[\‘ o 27/11/2024 Léo Le Moigne
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CUAPP

Bending Model

One of the challenge of bending model: optimizing time

— 9h/Moon cycle, time is precious !

Questions:

= how many stars do we need to ensure a robust mechanical model ?

= how can we gain time on data taking ?

Bending model data taking can
be done in Moon condition
(not causing parasite light)

CTND /11202

Léo Le Moigne
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CKAPP

Bending Model

One of the challenge of bending model: optimizing time

- 9h/Moon cycle, time is precious !

Questions:

= how many stars do we need to ensure a robust mechanical model ?

= how can we gain time on data taking ?

Optimize observation sequence

CTND

27/11/2024

Léo Le Moigne
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CUAPP

Bending Model

Improvement of the sequence

— add scheduler process in the bending model code

Sequence

—» = select a star

= gO to star position

= data acquisition LEDs
= data acquisition star

= gO position dark

= data acquisition dark

» transfer data

Frequency

50

40

30

20

10

Star selected

Go position star done

LEDs data acquisition done
Star data acquisition done
Go position dark done
Dark data acquisition done
B Transfer data done

0 100 200 300 400 500
Time relative to the sequence (in seconds)

Distribution of the end event times, relatively to the start of the
observation

CTND /11202

Léo Le Moigne 20



CKAPP

Bending Model

Improvement of the sequence

— add scheduler process in the bending model code

Sequence
—» = select a star
= go to star position
= data acquisition LEDs
= data acquisition star
= g0 position dark

= data acquisition dark

» transfer data

New sequence

= select a star (only first observation)
—» = go to star position

= data acquisition LEDs

= data acquisition star

= gJO position dark

= data acquisition dark + select next star

» transfer data

CTND /11202

Léo Le Moigne 21



CUAPP

Bending Model

Improvement of the sequence

— add scheduler process in the bending model code

How much time can be gained for each observation ?

30 1 B Mean value

Mean value :
~ 36 sec

Feguency

. 27.5 30.0 325 35.0 375 40.0 42.5 45,0
Time (in seconds)

Distribution of scheduler run method duration, since
June 2023

Frequency

e Mean value

o
(=

L
o

Mean value :
~ 64 sec

o+
L

L
o

L]
(=]

10 -

60 65 70 75 80 85 90 a5
Time (in seconds)

Distribution of dark patch data taking duration, since
June 2023

CT[\‘ o 27/11/2024
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c UAPP Bending Model

Improvement of the sequence

— add scheduler process in the bending model code

How much time can be gained for each observation ?

30 1 B Mean value B Mean value

Mean value :

~ 36 sec
25 1

Mean value :

b ~ 64 sec

15 1

Frequency

10 1

0 ' o= —a
21.5 30.0 32.5 35.0 37.5 40.0 42.5 45.0 60 65 70 75 80 85 50 95

Time (in seconds)

Distribution of scheduler run method duration, since

June 2023

Time {in seconds)

June 2023

Distribution of dark patch data taking duration, since

CTNADO

27/11/2024

Léo Le Moigne
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< CAPP Bending Model

Improvement of the sequence

— add scheduler process in the bending model code

First results

Tests have been done the 23 and the 29" of October

— over 2 observations, 36 seconds are gained

New mechanical model will be performed in December

- wait & see...

CT_[\‘ O 27/11/2024 Léo Le Moigne
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cUAPP

Laboratoire d’Annecy de Physique des Particules

Gamma Ray Burst: Improving our detection ability
Analysis methods & first results
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< UAPP Gamma Ray Burst analysis

Context with Mathieu de Bony and Edna Ruiz Velasco
-~ Gamma Ray Burst (GRB)
= transient events

= extragalactic sources (isotropic distribution)
cyan: WT settling — blue: WT —red: PC

10 k -

= 1} -
= E d
= :
o—'s.
S
@
g 01 .
E [ 3
: ~+
0.01 —- ‘
raaal L L 3 3 33l r gl L . -
] E
100 1000 10¢ GRB artist impression

Time since BAT trigger {s}

GRB220306B light curve, fitted with a power law
(SWIft/XRT data)

CTND /11202 Léo Le Moigne 2




< LCAPP Gamma Ray Burst analysis

Context with Mathieu de Bony and Edna Ruiz Velasco
-~ Gamma Ray Burst (GRB)
= transient events

= extragalactic sources (isotropic distribution)
cyan: WT settling — blue: WT —red: PC

10 k -

Detecting transient phenomenon :
i one of the major objective for
' CTAO

0.1 => adapt current analysis methods

Count Rate {0.3-10 keV} {s}

.|.

104

13

0.01 E—
'”1'('10 — “”1'0'00
Time since BAT trigger {s}
GRB220306B light curve, fitted with a power law
(SWIft/XRT data)

CT_[\‘Q 27/11/2024 Léo Le Moigne 27



CUAPP

Gamma Ray Burst analysis

Methods

— oObservation of two regions

ON
signal ?
+
background

Non counts during Ton

OFF

Erelelenel Norr counts during Torr

KRAMPOUZ 27/11/2024

Léo Le Moigne
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cUAPP Gamma Ray Burst analysis

Methods

— oObservation of two regions

ON Definition of background and signal
signal ? :
" Non counts during Ton (N
_ 7 (Noy)
background S+b= T
ON
- (Nop)
OFF Lo

background JEEASERESEIIS during Torr

KRANIPOUZ 27/11/2024 Léo Le Moigne



CUAPP

Gamma Ray Burst analysis

Methods

- Classic Li&Ma:

L=

Poisson laws

L=P (NON|<NON>) P(NOFF|<NOFF>>

%]

(( +B)TON)NON _(§+B)TON(BTOFF)NOFF _BTOFF

/ € / €
NON' NOFF'

KRAMPOUZ 27/11/2024

Léo Le Moigne
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< CAPP Gamma Ray Burst analysis

Poisson laws
Methods

- Classic Li&Ma:

L=P(Noyl|{Nox)) P(Noprl{N ope))

- Li&Ma time dependent:

LZ( H (At(b-l-s(ti))){o,l}e—At(b+s(t,~)))((bTOFF>NOFF —bTOFF>

/ / €
t=(At,..,NAt) {031}- NOFF'
N AN %
" N
product of the probability mass probability mass
function for each Ton bin (0O or 1 function for OFF
event, for a large N) observations

with N.At = ToN

KRANIPOUZ 27/11/2024 Léo Le Moigne 31



< CAPP Gamma Ray Burst analysis

Methods

. LO
— Perform ratio test: TS:—Zlog(f)

with Lo, the likelihood of the null hypothesis (only background)

— Compute significance of the source: o=+TS

=> g > 5: detection !

KRANIPOUZ 27/11/2024 Léo Le Moigne



< LCAPP Gamma Ray Burst analysis

First results
— generate simulated bursts with parameters:
- delay
- temporal index o
- spectral index I
- normalization ¢o

- redshift z

Assuming:

= power law spectral model

o(E)=g,(2)

0
= power law temporal model

Flo=(2)

KRAMPOUZ 27/11/2024

Léo Le Moigne

33



< LCAPP Gamma Ray Burst analysis

First results
— generate simulated bursts with parameters:
- delay
- temporal index o
- spectral index I
- normalization ¢o

- redshift z

-~ compute:
= Significance

= Time dependent significance

Assuming:

= power law spectral model

o(E)=g,(2)

0
= power law temporal model

Flo=(2)

KRAMPOUZ 27/11/2024

Léo Le Moigne
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< CAPP Gamma Ray Burst analysis

First results

— results with 50,000 simulations

—y N

50
40 -
30 1

20 4

tdep significance

10 4

0 10 20 30 40 50
Li&Ma significance

Plot of the significance computed with tdep depending
on the classic Li&Ma significance

KRANIPOUZ 27/11/2024 Léo Le Moigne



< CAPP Gamma Ray Burst analysis

First results

14
: : : . ° [T
_ results with 50,000 simulations 550 e S
12 4
o L
] ° -
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40 - y 8 . ] * e PR
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0 10 20 30 40 50
Li&Ma significance 3 4 5 6 7 8
Li&Ma significance
Plot of the significance computed with tdep depending Plot of the significance computed with tdep depending
on the classic Li&Ma significance on the classic Li&Ma significance (zoom around 50)
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CUAPP

Gamma Ray Burst analysis

First results

— results with 50,000 simulations

14

12 4

tdep significance

Plot of the significance computed with tdep depending
on the classic Li&Ma significance

Li&Ma significance

vioY
x be
simild od
for both meth
'
f L] f 8
6 o
ﬁ
5 - "______”_ __________________________________
Pl -
g
% 3 &
UE: )
3
8 @ classic Li&Ma
01 @ tdep Li&Ma
o -== 5 sigma
_1 . 5 : ; - ; : :
0 20 40 = 11] a0 100 120 140

Livetime (min)

Evolution of the significance depending on time,
with both methods
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< UAPP Gamma Ray Burst analysis

First results

— results with 50,000 simulations

14

. o |/ yx
=== 5sigma

tdep significance

3 4 5 6 7 8
Li&Ma significance

Plot of the significance computed with tdep depending
on the classic Li&Ma significance

significance

e
4.0 1
®
3.3 9
o

3-{:' . '" ,. 'p A Y

i @ cClassic LikMa

® e tdep Li&Ma
2.5 1 F === 5 s5igma

1] 20 40 60 80 100 120 140

Livetime {min}

Evolution of the significance depending on time,
with both methods
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Léo Le Moigne
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Gamma Ray Burst analysis

CUAPP

First results
_ results with 50,000 simulations

In which cases does time dependent Li&Ma performs better ?

10? ] B 3l simulations
1 simulations where tdep performs better
than Li&Ma, in case of detection
. simulations where Li&Ma performs better
than tdep, in case of detection
107 4
=
Wt
c
Q
=3
3
i
10! ~
107 4
4 5

1 2 3
Temporal index a

Distribution of the temporal index, for 50,000
simulations

KRANIPOUZ 27/11/2024 Léo Le Moigne



Gamma Ray Burst analysis

CUAPP

First results
— results with 50,000 simulations

In which cases does time dependent Li&Ma performs better ?

103': B all simulations
] — simulations where tdep performs better
than Li&Ma, in case of detection
- ey || Li&Ma, time_dependent performs better
for GRBs with very sharply temporal
. evolution (i.e. high a)
g Temporal evolution: F(t)oct
101?
10° 5

4 5

1 2 3
Temporal index a

Distribution of the temporal index, for 50,000
simulations

40

Léo Le Moigne
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cCAPP Gamma Ray Burst analysis

Coming soon...

- new method, developed by Mathieu de Bony
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 CAPP Gamma Ray Burst analysis

Coming soon...

- new method, developed by Mathieu de Bony

10 T . &
— y=x .
- B .
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. AR I
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cloe oo s DPECTRAL TEMPORAL FIT
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significance evaluated with tdep Li&Ma method

Plot of the significance computed with STF method
depending on the classic tdep Li&Ma significance
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cUAPP

Conclusion

Bending Model

= new bending model for the next LSTs

= calibration of new CDMs

KRAMPOUZ 27/11/2024

Léo Le Moigne
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CUAPP

Conclusion

Bending Model
= new bending model for the next LSTs
= calibration of new CDMs

Gamma Ray Burst
= article on analysis methods

= article on GRB catalog

A
Py
>
5
U

o U Z I(_3%)-II-_LABORATION

KRAMPOUZ 27/11/2024

Léo Le Moigne
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 UAPP Back up - BM

Working principle: fit the center of the camera with the LEDs

3500 - . L + center position
-+ star position Poinited star
@ @ 4 LEDO pos Caffiara Center of the camera
3000 - # LED1 pos
% LED2 pos
% LED3 pos . [ °
. & LED4 pos .
N 4 LEDS pos o
- . LED6 pos LED / . )
# LED7 pos
i e ¥ LEDS pos 5 L o %5
4 LED9 pos & ®
4 LED10 pos
1500 - 4 LED11 pos
. Laser target Image of a laser on the target
1000 ~ L L ]

500 lo00 1500 2000 2500 3000 3500 4000
x

LEDs position in the camera plane




CUAPP

Back up - BM

Sky grid: impact of a biased dataset

— dataset used as a reference

Conditions : - correct repartition of the observations in the grid

- rather short period
- no OARL problems

Choice : from 15 of April to 1 of June

hame value _standard error__relative error initial value min max__var
I AzEncoderShift -89.2668883 12.4555810 (13.95%) -49.45697415060795 -3600.00000 3600.00000 True
ZdEnodercShift  96.9081860 3.53827509 (3.65%) 113.38677416696668 -3600.00000 3600.00000 True
AltNonOrthogonality  35.1557247 3.324211489 (9.46%) 18.62210141638116 -3600.00000 3600.00000 True
AzNonVerticalityPhi -191.257258 4.35101126 (2.27%) -165.64267646108357 -360.000000 360.000000 True
AzNonVerticalityTheta  38.9776225 1.12350998 (2.88%) 37.4025104703328 -3600.00000 3600.00000 True
TelescopeBendinglLin  -4.97996179 0.15222074 (3.06%) -4.967946724361393 -10.0000000 10.0000000 True
TelescopeBendingQuad  0.03376945 0.00203067 (6.01%) 0.03405057373035647 -1.00000000 1.00000000 True
TelescopeToCameraAlpha  0.00000000 0.00000000 0.0 -1.00000000 1.00000000 False
CSSBendinglin  0.99998999 0.02417413 (2.42%) 0.83234240880956068 -1.00000000 1.00000000 True
OffsetOpticalAxisAzScan  0.30124737 5.2233e-04 (0.17%) 0.30106655416325845 -1.00000000 1.00000000 True
AmplitudeOpticalAxisAzScan  -0.00369529 6.7145e-04 (18.17%%)  -0.003859152796957366 -1.00000000 1.00000000 True
OffsetElevationAxisAzScan  44.2902737 5.3198e-04 (0.00%) 44.30032352387971  0.00000000 90.0000000 True
AmplitudeElAxisAzScan -0.00839285 8.4780e-04 (10.10%) 0.011053105594136081 -1.00000000 1.00000000 True
OARL1LEDShift 3.58920646 7.1223e-04 (0.02%) 3.58863984372369 2.00000000 5.00000000 True
OARL2LEDShift  3.56802705 7.1223e-04 (0.02%) 3.5629110624182836  2.00000000 5.00000000 True
ZdEncoderPlay 0.01350176 3.5098e-04 (2.60%)  0.013873682212690835 0.00000000 0.10000000 True
CSSBendingQuad ~ 3.4205e-04 7.2016e-04 (210.54%) 0.0014596845761847277 -1.00000000 1.00000000 True
CSSAssymetricalEffectlin - 2.51293567 0.29160683 (11.60%%) 1.8283115937501861 -3600.00000 3600.00000 True
CSSAssymetricalEffectQuad -0.01228263 0.001682158 (13.22%) -0.008491107147618914 -3600.00000 3600.00000 True

Spatial distribution
0°

Observations grid for the selected period

49



c UAPP Back up - BM

251 HEE 100 random points from complete dataset
I 100 random peints from az binned dataset

Sky grid: impaCt Of a biased dataset —— fitted value obtained with all points

~ error on fitted value

201

— impact of a biased dataset on the mechanical
model parameters

Spatial distribution Selected bins
o

0_
-120 —110 —100 —90 —80 —70 —60

AzEncodershift

Dispersion of the AzEncoderShift parameter values
for both datasets

30

E 100 random points from complete dataset
I 100 random points from az binned dataset
—— fitted value obtained with all points

25 A
~ error on fitted value

Grid for dataset with azimuth selection
2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4
CSSAssymetricalEffectLin

Dispersion of the CSSAssymetricalEffectLin
parameter values for both datasets

50



 UAPP Back up - BM

Time optimization: impact of the number of observations
- fit of the model parameters

- how many observations are needed ?

251 HE 30 random points in the grid I
— fitted value obtained with all points 4
/  error on fitted value !
I 1
20 1 I I
| I
I |
i
= 15 - !
-
T
3
g
= 10 4
5 i
0_
=175 —-150 =125 —-100 75 —-50 —25
AzEncodershift

Distribution of the parameter values, fitted for different number
of stars, for 200 random selection

CT_[\‘ O 11/10/2024 Léo Le Moigne



c UAPP Back up - BM

Time optimization: impact of the number of observations
- fit of the model parameters

- how many observations are needed ?

251 HEM 30 random points
50 random points
B 100 random points
>p | TR 150 random points
fitted value obtained i i i
— "ith all points 100 points in the sky grid seems
¢ error on fitted value to be a good approximation, for
3] the fit of the parameters
= 10 1
5_
0 T
—200 =175 —-150 —-125 —100 =75 —50 —25 0

AzEncodershift

Distribution of the parameter values, fitted for different number
of stars, for 200 random selection

CTND /10202 Léo Le Moigne 5o



UAPP Back up - BM

Time optimization: impact of the Moon

Some observations: failing

— does the Moon have an impact on
the success of BM data taking ?

Picture taken by the CDM, presenting
strange effect due to parasite light

CT[\‘ o 11/10/2024 Léo Le Moigne 53



 UAPP Back up - BM

Time optimization: impact of the Moon

- change of reference, with the example of BM observation 970

Spatial distribution
0 o

Spatial distribution

applying the
basis
change
—>
Pointing and Moon positions in the telescope reference Pointing and Moon positions in the dish reference for
for BM observation 970 BM observation 970
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 CAPP Back up - BM

Time optimization: impact of the Moon

Change of reference for the study

Telescope reference — Dish reference

CT[\‘ O 11/10/2024 Léo Le Moigne
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c CAPP Back up - BM

Time optimization: impact of the Moon N
__—H"—-I: Observation

- Moon, for rejected observations
+ due to valid analysis criteria

- Moon, for rejected observations
— + due to fit SNR criteria

270°

Pointing reference, useful for the stacking of relative Spatial distribution of the Moon position (for correct and
Moon position rejected observations), in the dish reference

Bending model data taking can be done in Moon condition

CTND /10202 Léo Le Moigne 56



 UAPP Back up - BM

Time optimization: scheduler process

— 2 processes communicating via a pipe

observationProcess | schedulerProcess
send choose _a_star > receive instruction
i § wait for 30 seconds
dark patch data taking ‘
~ 70 seconds (max: 111s, min: 57s) run scheduler
i | ~ 34 seconds (max : 45s)
receive result - send result

i

new observation




c UAPP Back up - BM

Time optimization: scheduler process
— Objective : recent full-sky view
- how does scheduler works ?

= associate each point with a priority (depending on
the date of the last acquisition)
270°| e ++++-]'-'|_:|: +_-|_|-++++ + |o0°

= determine if there is a valid star for each point +++

\ B
S
++ +++++ Y

= select the star for each star region around the point:
— altitude in observable range
- distance with the Moon
— no other star that could be detected
— dark patch at 2°

= compute observation time for each star
(depending on star magnitude and position)

58
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c UAPP Back up - GRB

Time dependent Li&Ma: method

H (A t ( b+5( tl->)){0’1} e—At(b+s(ti)))< (b TOFF>NOFF e—bTOFF>
t.=(At,...,NAY) {0,1}.’ NOFF',

_. Definition of the signal: | s(t)=0{(t)

L=(

— Only 1 free parameter: amplitude of the signal 6

Olog L
ob

Olog L

because b is defined with the identity: p Y:

(6)+6 (0)=0

— Maximize the likelihood by finding the root of the partial derivative:

olog L o\ _ Norr 1 B
ab (9)_ b +Zti€tON b+6f<tl) (TON+TOFF>

CTND /11202 Léo Le Moigne 0



 UAPP Back up - GRB

Time dependent Li&Ma: method

- Evaluating the likelihood:

H (A t ( b+S< ti))){o,l} e_At(b"'S(ti)))( (b TOFF>NOFF _bTOFF)

L= e
(ti:(At,...,NAt) {0,1}.’ N

/
OFF *

— Simplification of the likelihood:

bT OFF  _b(T ope+T oy )— fdts
limyo., L=(A¢" [T (bes(e)) Elorl ",

/
tie{tON} NOFF °

— With the identity:

bT NOFF B N
limN_H_oo L:<AtNON H (b_l_s(tl)))( OFF) e (Noge+ Nowy)

tE€ {ton) N OFF"

CT_I\‘O Léo Le Moigne 61



 UAPP Back up - GRB

Time dependent Li&Ma: method

L
- Evaluating the significance: TSz—Zlog(fO) o=+TS

e_EOTON( _0 TON)NON e_ bo T ope (b_o TOFF)NOFF
Noy!

with L,=
N opr!

bT Nogr
L:<AtNON 11 (b+S(ti)))( OFF) e—(NOFF+NON)

tieh[tow} NOFF !

TON
NON"'NOFF_QI dtf<t>
OFF b= 0

Ton+T orr Ton*+T ope

s(t)=6f(t) flo)=t"
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Back up - GRB

Time dependent Li&Ma: method

— optimization issue

0.0020

0.0015 A

0.0010 -

0.0005 A

0.0000 A

=0.0005 A

=0.0010 A

—0.0015 A

—0.0020

=> Need, in some cases, a nhegative amplitude

ob b

1

N
ﬁlong): OFF+ZtEt —

9f<ti)_(TON+TOFF)

Amplitude negative values

+ Partial derivative>0
Partial derivative<0
optimized amplitude

|

\‘.\ /

610gL(9:O):O

ob

103 102 10! 109 101 102 1073
Amplitude

0.0020

0.0015 ~

0.0010 -

0.0005 A

0.0000 A

=0.0005 1

—0.0010 A

—0.0015 A

—0.0020

Amplitude positive values

+  Partial derivative=0
Partial derivative=0
l optimized amplitude

/

10-2 10°! 10° 101 102 102
Amplitude

Plot of the patrtial derivative of the likelihood, depending on the amplitude

of the signal

CTNADO

Léo Le Moigne
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c UAPP Back up - GRB

Time dependent Li&Ma: method

— optimization issue

Amplitude negative values

15' Partial derivative=0
4411 Partial derivative<0
'5- optimized amplitude
o 21
§ # K In some cases, divergence for negative
s | - amplitude values
3 |
£ | I8 ~. choose carefully the range
R i+
_4 -
16? 151 16” 1ol-1 ml-? 1c;-3

Amplitude
Plot of the partial derivative of the likelihood,
depending on the amplitude of the signal, in the
case of divergence with negative amplitude

CT_I\‘O Léo Le Moigne
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Back up - GRB

Time dependent Li&Ma: method

— no root for ~0.7% of the analysis

Partial derivative

Amplitude negative values

Amplitude positive values

5 5
«  Partial derivative = 0
«  Partial denvative < 0
41 41 bl Partial derivative 2 = 0
Partial derivative 2 = 0
3 1 3
- dlog L olog
Partial derivative = 0 b —_—=z (9 ) + 9 b
i Partiai dern:w.ratwe <0 5 4 a b a 0
Partial dernivative 2 =0
Partial derivative 2 = 0
11 11
-ﬁg ! h_ D |
- ',- | R T T T frier T TrT v e -'1 T Trry| T T T \- L Trof
10 10! 10" 10-1 10-2 10-2 10-1 10" 10! 102
Amplitude Amplitude

Both partial derivative of log likelihood at b and 6, in the case where the identity is not respected

CTNADO

Léo Le Moigne
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UAPP Back up - GRB

Spectral Temporal Fit: method (developed by Mathieu)

— spectral temporal fit
= fit data with base model (no emission)
= fit data with spectral model
= fit data with temporal model
= fit data with complete model (spectral + temporal)

= evaluate significance of the complete model vs base model
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