GBM GRB Analysis
Tutorial
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What we want to accomplish

e Obtain GBM data (RSPs, TT

e | oad RMFIT with data

 Bin data in time and energ
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e Full functioning human brain
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Acquiring Data

Indicates you want burst The type of data you The specific detectors
data want required

S> getGBMdata|bn 080916009||--data tte rsp||--nai 0 3 4 --bgo 0

S> getGBMdata —help
usage: getGBMdata [-h] [-v] {bn,date} ...

Tool for retrieving GBM data from the FSSC

positional arguments:
{bn,date} sub-command help
bn Triggered data mode
date Daily data mode

optional arguments:
-h, --help show this help message and exit
-V show program's version number and exit

To access help for the different data modes enter [mode] -h ,--
help




| oading Data
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| oading Data

®®@® % glg_tte_n4_bn080916009_v01.fit

File HMisc Options
Options o binning, Toggle | i glg_the ndt_brDA0B1 A0DE_1 fit; gig_ta_n4_bDA0E1 SO0 W3 I Light curve display
viewing, etc. 3008 . :

- : : 7.964: 949,57 kaYy
Zoam? | D ; : SoEEE =
Rebing | - : :
Fit Background |

- Background Selections 2004

Select Source: |
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Adjust Source: |

Spectral Fitting:

Rate (:

A K Log A Log 1000

Event: GREOEO31E003
Telescope: GLAST
Instrument: GBM
Detector: MAI_O4
Data types: TTE &

TRIGTIME: 243216766 ,61354 ="

-
ROo

-0,064: 70,976 =, 7.964; 949,52 ke, [4; 125]



Energy Selection

Nominal GBM energy O O O X glg_tte_n4_bn080916009_v01.f|t
selections: File Hisc Options Help

Nal: 8-900 keV Toggle | glg-tha_r_ brCEOB G001 Fit; gig_ta_nd_bnDBIE] SO0 33l
BGO: 250-38000 keV —0.064: 70.978 3
Zoom} |
Rebing |
Fit Background | 0.0

- Background Selections

‘ Select Source:

Adjust Source:

Remove
overflow

Spectral Fitting: | channels.

W ¥ Log I Y Log

Event: GREOSOI1E009

Telezcope: GLAST

Instrument.: GEM

Detector: MAI_04

Data types: TTE

TRIGTIME: 243216766,61354 ' g e

Energy (ke)

-0,064: 70,976 =5, 7,964; 949,52 ke¥, [4: 125]

Light curve display



Choose the binning
method you prefer.
Custom binning
methods must be
made offline. We
will discuss this
later.
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File HMisc Options

Tuggle S000

Foom?

Fit Background

- Background Selections 2004

Select Source: |
Adjust Source: |
Spectral Fitting: |

A K Log A Log 1000
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Event: GREOEO31E003
Telescope: GLAST
Instrument: GBM

Detector: MAI_O4

Data types: TTE

TRIGTIME: 24321676E,E61354

-0,064: 70,976 =, 7.964; 949,52 ke, [4; 125]

=1lglgligle

% glg_tte_n4_bn080916009_v01.fit

glgtta 4 _brlG 081 A00E A0

1610
Time (a)

----- TEARROFF
Temporal Resolution
S5ignal to Moisze
Full Rezolution
Fetine Bins

Combine Bins



Source Selection

CRONG. % glg_tte_nd_bn0B80S16009_v01.fit

File HMisc Options

Toggle | < glg_tha_r_brDA0B 80081 fit; gig_Ha n4_baDS0ET SO0 WIE.Iu
3000 ; :
- : : T.HE4: 949 57 key
Foom? | - : :
Rebing | - : :
Fit Background |

- Background Selections 2000

Source button or ¥’
on the keyboard
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Adjust Source:

Spectral Fitting: |

A K Log A Log 1000
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Rate (:

Event: GREOEOILEO0T

Telescope: GLAST

Instrument: GBM

Detector: NAI_O4

Data types: TTE &

TRIGTIME: 243216766,61354 —ei —1lay ' Ll

Time (a)

-
ROo

-0,064: 70,976 =, 7.964; 949,52 ke, [4; 125]

Select the region(s)
you would like to fit.



Background Fitting
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File HMisc Options

------IEE%ilE............J S000
Foom? |

Rebinz
We want as flat of a

line around 1 as Fit Background |

possible, however,
it is often require to

do a spectral fit and w‘
redo background
i | el Gun

A K Log A Log 1000

- Background Selections 000

aunt /5

"~
-

Rate [

Event: GRBOSO31E003
Telescope: GLAST
Instrument: GEH
Detector: NAI_O4
Data types: TTE &

e
500

TRIGTIME: 243216766,61354 =200

o & 8
I\J‘I -

1.2

0.8

¥ / DOF

0.4

0.2

0.0

-0,064: 70,976 =, 7,9641 949,52 keV, [4: 125]

% Background Chi-Squares

|

—

Energy (kel)
Save to Postscript File

Dizmizs

100

[z

—100 ) Qi

Time (a)

Select multiple
regions off source

Help

_bnDBIE1 8008 w05 1u

. 949,527 keY




Background Fitting

CRONG. % glg_tte_nd_bn0B80S16009_v01.fit

File HMisc Options

Toggle | < glg_tte_rd_brC@0B1 SO0 _ W01 fit; glg_He n+_bnDBIE1 SO0 W05 Iu
Uy
ToHS4: 949 .52 key
Foom?

Rebinz
We want as flat of a

line around 1 as Fit Background |

possible, however,
it is often require to

do a spectral fit and wl
redo background
i | el Gun

A K Log A Log 1000

- Background Selections 2000
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Rate (:

Event: GREOEO31E003
Telescope: GLAST
Instrument: GBM
Detector: MAI_O4
Data types: TTE &

TRIGTIME: 243216766,E1354 = =l

L
ROo

Time (a)

-0,064: 70,976 =, 7.964; 949,52 ke, [4; 125]

Select multiple
regions off source



Spectral Fitting

CRONG. % glg_tte_nd_bn0B80S16009_v01.fit

File HMisc Options

Toggle | < glg_tha_r_brDA0B 80081 fit; gig_Ha n4_baDS0ET SO0 WIE.Iu
3000 ; :
- : : T.HE4: 949 57 key
Foom? | - : :
Rebing | - : :
Fit Background |

- Background Selections 2000

Select Source: |
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oLt _,-"'.

Adjust Source?

I Spectral Fitting:

A K Log A Log 1000
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-

Rate (:

Event: GREOEO31E003
Telescope: GLAST
Instrument: GBM
Detector: MAI_O4
Data types: TTE &

TRIGTIME: 243216766,E1354 = Y

Time (a)

-
ROo

-0,064: 70,976 =, 7.964; 949,52 ke, [4; 125]



ral Fitting

o0 X

Select Datazets for Fitting

Spect

Im Alzersd jburgess/Tocument s/ lecture/fasdgrb_tutorial /glg_tte_bO_bn0BOS1E009_wil, fit
I© Alsersd jburgess/Tocumentsd lecture/fes/orb_tutorial /glg_tte_n0_bn0B0S1E009_wil, fit
®®@® X glg| flzersd jburgesz/Tocuments/lectures/fea/grb_tutorial/glg_tte_n3_bn0B0316009_v0l,fit

File HMisc Options m Alsersd jburgess/Tocumentsd lecture/Fasdarb_tutorial/glg_tte_nd_bn0S0916009_w0l,fit

-
Iy

Cancel
Foom? |
Rebing | - : :
Fit Background |

- Background Selections 2004

Select Source: |

Adjust Source?

I Spectral Fitting:

A K Log A Log 1000

| ]
Toggle

aunt /5

"~
-

Rate [

Event: GREOEO31E003
Telescope: GLAST
Instrument: GBM
Detector: MAI_O4
Data types: TTE &

=200 100

TRIGTIME: 243216766 ,61354 == . ;.
Time (3]

-
500

-0,064: 70,976 =, 7.964; 949,52 ke, [4; 125]

Select or deselect
the detectors you
need. Deselecting
detectors will show
how “bad” a
detector is by
including it's data in
the plot.



Spectral Fitting

®®® %/ PhotonModel
Select one or more photon model terms

1 Power Law

2 Broken Power Law
Select your model 2 Power Law w, 2 Breaks g|g_tte_n4_bn08091 6009_VD1.fit
or combination of 4 Smoothly Broken Power Law

5 Band's GREE, Epeak
models. B BlackBodyg

Help

7 EDITIPtDI"I ized, EPEEIk glgtta_rd_brlA0B1 800 01 fit; gig He _n4_bnDB0E1 BO0E 0510

11 Gaussian (logll E)

17 Black Body

18 Relativistic BB

20 PL Inverse Compton

26 Fazt Synchrotron

27 IC Full

28 Total Test Synchrotron
31 Total Synchrotron

Photon Model Parameters:

+ Keep current | Set parameters

Fitting Statistic:

~ Chi®2 - Gehrels - Likelihood “™ C-Stat

Undetermined Yalues in Batch Fit:

+ Leave Free “™ Automatically Fix

Hcceptl Omit | Restorel Eancell

lata types:

TRIGTIME: 24321E76E,F1354 —200 14101

Time (a)

-0,064: 70,976 =, 7.964; 949,52 ke, [4; 125]

.64 949,52 Kal

Unfortunately, the likelihoods in RMFEI

are wrong...


https://heasarc.gsfc.nasa.gov/xanadu/xspec/manual/XSappendixStatistics.html

Spectral Fitting

File HMisc Options

Toggle |
Foom? |

Rebing |
Fit Background |

- Background Selections 20040

Select Source: |

Adjust Source?

I Spectral Fitting:

4 Ll:lg aY ng 1000

Rate [count / &)

Event: GREOSOI1LE0O03
Telescope: GLAST
Instrument: GEH

Detector: NAI_O4

Data types: TTE

TRIGTIME: 24321E7EE,61354

-0,064: 70,976 =, 7,9641 949,52 keV, [4: 125]

% glg_tte_n4_bn080916009_v01.fit

glgtta rd_brld0B1 8008 01 .fit; gig e n4_bnDB8JE1 8008 w0310

.64 949,52 Kal

X PhatOandel: Se.t"‘i—e.rm Parameters

Set parameter walues for photon model term
Band's GREE, Epeak

itude A Wary
k IE GO0, 0 A Wary
a IE -0, 5000 A Wary

IE =2, 000 A Wary

Amp 1

Epea

alph

beta

Accept |

Cancel I

DeFaultsl

+ Fixed

+ Fixed

+ Fixed

+ Fixed




Spectral Fitting

== Jataset #2 INCLUDED
== [ata file flzersd jburgess/ locumentss lecture/fee/grb_tutorial Aglg_tte_nd_brOB0316009_v0l,fit

== Responze file: /lzers/jburgezs/Tocumentsslecture/fzs/grb_tutorial /glg_cspec_nd_bnO80316009_v07 ¢
== Fit interwal : -0,084: 70,976 =, 8,036001: 974,7320 keV, channels 4: 125

+
+
+
+

==r Fitting data...
== MFIT F3% v1,6 2011 May 16: Fit completed at Sat May 30 18:41:57 2015

TEEM: Band's GRE, Epeak

Ampl itude YARY 0,01622 +/- 0,000334 psfs—cm2-keY
Epeak YARY h01,9 +/- 28,1 keV

alpha YARY -1,018 +/- 00,0151

beta YARY 2,104 +/- 0, 0615

== Caztor C-STAT = 1266,8. DOF = 483
== Photon Flux = 9,44b35 +/- 0,050 phss—cn™2 in the interval: 10,003 1000,0 keY
== Energy Flux = 1,1150E-0& +/- 1,4E-08 erg/s-cm™2 in the interval: 10,00: 1000,0 ke

The Mormed Covariance Matrix = Correlation Coefficient Matrix:
1,000 -0,945 0,899 0,367
-0,945 1,000 -0,348 -0,502

0,899 -0,848 1,000 0,294

0,367 -0,502 0,294 1,000

The global correlation coefficients of the varying parameters are:
0,966 0,953 0,300 0,604

Elear’ Hide" Save H Tahle”




Spectral Fitting

L N N %| Fit Display

File Dataset Options

Zoom? | Timan: —0.084: 70.878 =
Fit Results: | 10.04004 — 5 : GO_0G
Redo Last Fit | ! r:J.-::I_I M: -
Spectral Fitting: | 106000 1 | . i
Fit Dizplay Options: |

Count Display Options:

010000

% Show  « Hide
0.d1 00
Spectral Model Components:

+ Show “* Hide

Rate {counts 57" kev™"}

0,081 0%
Model Color Options:
# Default -~ Matching
0.0e010
Residual Display Options:
4 Sigma Residuals o
IL_I‘I:II.'JII___II_‘H
+w Countz Reziduals

+w Mo Residuals

7 % Log 7 ¥ Log

1000 10000
Enargy [kai)

flzerss jburgess/Tocument s/ lectures/fas/grb_tutorial /glg_tte_bO_bnOB0316009_wil,fit




Spectral Fittin

@®@® % Fit Display

File Dataset Options

ZCIDI'H: | Timea: —0.C084: 70874 =

Fit Result=z: | BGO_OC
AL I I

Redo Last Fit | ! | | hﬁ1”ﬁif

L |, i I | il | ([T il

Spectral Fitting: | i II-I[ | || |“|||"""|"”"|"| ”"' ||||||H|i"i""""I"l
Fit Display Options: | T, 5 Iu “ ILmIﬁ.
p e I

Count Dizplay Optionz:
# Show Hide
Spectral Model Components:

« Show  “* Hide

Mu F, (ph

Model Color Optionz:
A Default - Matching
Rezidual Display Options:
# Sigma Residuals
+w Countz Residuals

Mo Residuals 2 + r I ’ !
v 7 ;L{H;ﬂ ik i.;' i e H Tl Nﬁ
1l

T ¥ Log 7 ¥ Log i 1 TE THAR i [ +lml -I *
' I

1000 10200
Enargy [ka)

flzersd jburgesss/Tocumentsd lecture/fesgrb_tutorial /glg_tte_b0_bnOB0S16009_w0l,fit



Spectral Fitting

It is important to save the : _
spectral fits to am SCAT File IDatazet UOptions

file so that they can be

used later
Joom |
Fit Results: | TEAROFF

Dump Results to Log

Write Results to File |

Spectral Fitting:
i e lrite Fit Params Only

Bedo Last Fit

Fit Dlisplay Options: Read Fit Results File

Count Dizplay Options:

Show “™ Hide



Error Analysis

I ATE

The one sided errors are typically
meaningless unless you have a
very bright burst. -

Zoom;

You must look at the “profile” Fit Results:
errors. Note, these are not
marginals so the correlation in the T
other parameters will be removed.

SpEDtFal Fittiﬂgi I TERROFF
Fit Display Options: Synthezize Burst
Error Interwval
ChisSl 1D Plot
Show Hide Chisll 20 Plot

Count Display Options:

Spectral Model Components: Fit One Time Bin
it e Interus
Chow Hide Fit One Interwval
elections

t Model and Batch Fit
lefault Matching 1 Fit Selections

Model Color Options:



Error Analysis

PhotonModel: Select Parameters

%

parameter value ping

Error Interval by:
ma {or Percentile,
Band's
Amplitude:
Epeak:
alphas

beta:




Error Analysis

Fit Log

resfzssgrb_tutorial/glg_tte_ni_ 16009 _wil,fit
resfzasgrb_tutorial /glg_cspec_n0_bn080S16009_vi7 ., r
99,7880 ke, channels 4: 126

urgesssTocuments lectures/fes/grb_tutorial/gla_tte_n3_bnOB0O316009_wil, fit
JjburgeszTocu lectures/fassgrb rial/glg_caper BO916009_vi7 . r
interval : 70976 =, 7. 9: 956,5310 keV. channelz 4: 126

== Datazet #3 IWCLUDED

== Data file 3 HUsersf burgess/ﬂocumentsflecture/Fssfgrb tutorial/glg_tte_nd_bnOBOS1E009_wil,fit
Responze File* urgessslocu ectures/fassgrb_tutorial /glg_cspec_nd_bn080S16009_vO7
Fit interval : -0 t 70,976 =, 1 974,7320 ke annels 43 126

== Performing Chi®Z Mapping...
==> MFIT F35 v1,E 2011 May 16: Map completed at Sat May 30 18:43:52 2015

TERM: Band's GRE, Epeak

Amplitude YARY 0,01622 +/- 0,000334 psz—cn

Epeak INTRWL 501,9 - 27,1 + ZJ 5 keV {1 Sigma)
alpha YARY -1,018 +/- 0,0151

beta YARY =2,104 +/- (,0615

astor C-STAT = I0F = 482, REDUCED C-STAT = 2,59
Photon Flux = 5, 1,035 phss-c in the interval:
Energy Flux = 1,1150E-06 +/- 1,4E-08 erg/s—cm™2 in the interval: 10,00: 1000,

Elearl Hide | Save | Tablel

File Dataset Options

Redo Last Fit
Spectral Fitting:
Fit Display Options:
Count Display Options:

+ Show “* Hide

Spectral Model Components:

+ Show > Hide
Model Color Options:

 Tefault - Matching

Residual Display Options:

4 Signa Residuals
+ LCountz Reziduals

+ Mo Residuals

7 ¥ Log 7 ¥ Log

% Fit Display

BOO

Band's GRE, Epaak:

Alzers/ jburgezs/Documents/ lectures/fes/grb_tutorial/glg_tte_bl_bnOB0I16



Post Analysis

* Write your own tools to explore the SCAT files.

 Use the included scatReader.py class as a




T'hings not discusseo

e Bayesian Analysis

e Allows for comparison of non-nested models
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I'hings not discussed

 Bayesian Analysis




T'hings not discusseo

e Bayesian Analysis
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