- ‘);sz

F 4
-[h -
[}

:‘ﬂlfb
g &

GRB Data
Analysis

w

Judy Racusin
NASA/GSFC

.k | ‘.‘\ S

o~

o)

; -
. -
-

-

v

. ! . -

-

¢ A f

. ./

. L

7~

P

. .u ’-; —

: - O

. . n {0
- - . '
Nk O
* L AY.

- 3 mn

Fermi Summer School, June 2017



Ve
C— Multiwavelength Analysis

Gon

/ Space Telescope

e Astrophysical context
— Source association
— Emission mechanisms
* Fermi data probe a region of the spectrum that
— Can be the high energy anchor for your model
— Or bridge lower energy regimes and TeV

 How you fit/extrapolate/interpolate over many decades can
strongly influence the physical models you walk away with,
and correctly accounting for errors over those decades is
really important
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| stole borrowed some of this material from Alan Marscher’s
2012 Fermi Summer School Talk

— See that talk for a more blazar focused discussion

| will use a GRB as an example, but most of this is relevant/
applicable to other source types

e 2 primary ways to build an SED

— Input ~raw data, response functions, etc. and fit the whole
spectrum together

— Collect individually fit datasets and combine them fitting
more complex physical models around already fit model
dependent data (will come back to this issue)

 There are lots and lots of ways to do this

— Software (XSPEC, RMFIT, Sherpa, likelihood, custom
software ...)

— Units (energy, frequency, wavelength, ...)




s, crmi Measuring a spectrum across the spectrum

o/ s Ton
Radio/mm/microwave

— temperature -> flux density

— In frequency
IR/Optical/UV

— magnitudes in different filters

— F,=10k04m mJy where k depends on filter used

— In wavelength
 X-ray
— counting photons -> flux
— Conversion depends on shape of spectrum
Gamma-ray
— counting photons -> flux
— Likelihood often used to fit spectrum, background, etc.
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« We want to plot of log,,VvF, vs log,,v

e Howis this measured?

Measure Unit Formula Measured Details
known as where?
Photon Flux phcm2s N(E)=AET X-ray, y-ray Instrument
Density* keV-1 (example) dependent
Spectral Flux ergcm=2 s f,=EN(E)=BE® X-ray,y Specific energy
Density keV-1 Optical, radio a=I-1
or or Jy or mag 1 kev = 1.602x10-°
Energy Flux* erg
Luminosity* erg s'keV-! L=f, 4TTD? k X-ray, y k=k-correction,
D=distance
Spectral erg cm2 s v f,=E2 N(E) Combined
Energy broadband
density spectrum

*Integrate from E,-E, to get flux measurement in specific band for light curves
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Gamma-ray
/ Space Tu!les(opor

Broadband Spectral Energy Distributions (SEDs)
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 Flux variations in different
» i ' wavebands may or may not
"t yerays (Fermi) 3C 4043 be correlated, or have

Flux density
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Evidence of variation of
different components

Already messy, therefore
simultaneous data at least
constrains the same things
at the same time (or
different things at the same
time)

Talk by Betta next week
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/ Space Telescope

* Interstellar dust absorbs and scatters
some of the IR, optical, UV light

* Different dust composition or grain
size impacts absorption & scattering

 Well-mapped for Milky Way, LMC, SMC
« AE(B-V) xRy
— R, set specifically for MW, LMC,
SMC
— FitE(B-V) or A,
— Get it from NED

— Get it from literature where
someone else has already fit it for
the same object

e Cardelli et al. 1989 provides relations
between A, and other wavelengths,

though depends on extinction curves
e XSPEC models (z)dust

Extinction

5500

Wavelength (A)

200K 1500 1215

- FM90 Rv=3.16 y
== FM90; no UV data <I1215A

SMC
LMC

Milky Way

Inverse wavelength (1/um)

Schady et al. 2012
Pei 1992

http://heasarc.gsfc.nasa.gov/xanadu/xspec/manual/XSmodelZdust.html



http://heasarc.gsfc.nasa.gov/xanadu/xspec/manual/XSmodelZdust.html
http://heasarc.gsfc.nasa.gov/xanadu/xspec/manual/XSmodelZdust.html

C— X-ray Absorption

e Interstellar neutral hydrogen gas
absorbs soft X-rays

— Photo-electric absorption using
some set of photo-ionization
cross-sections

2 sources of absorption for
extragalactic sources (N, — hydrogen
column density)

— Galactic — well mapped by
Kalberla et al. 2005

e ftool NH

* http://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/
w3nh.pl

— Intrinsic absorption should be fit,
can account for redshift (if known)

« XSPEC models (z)wabs, (z)phabs
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* Likelihood analysis needed to determine contribution of source
and background components (fit/assume spectral model)

» |f y-ray source well characterized (bright), and the shape can be
constrained (e.g. powerlaw) independently, you can just use
results of likelihood over-plotted with broadband SED

— Use bowtie shape to represent uncertainties centered at v,
- o.F(V) = (V/Vref)_a [In(V/Vref)zc.cr2 + GFZ (Vref)]‘”2

. = 2. 17 =
usually v, = 2.42x10%" Hz = 1 keV Taking into account

error on both
normalization (flux)
and slope

Vo |

log vF,

log v

 However, if shape of y-ray spectrum affected by data in nearby
parts of the spectrum (breaks, curvature, cutoffs, etc.), you should
do joint fits given a spectral model, and solve for free parameters



s, crml vFv Spectra are Model Dependent
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 |In order to take data from raw (counts, magnitudes etc.), you must
assume

— Instrumental response function - which can depend on event class
(LAT), readout mode (X-ray), filter (optical/IR/UV)

— Background

e Instrumental can depend on temperature of detector, hot pixels/
strips

» Particle background — depends on proximity to SAA, orbit, solar
activity
 Real sources — earth, moon, sun, astrophysical sources, Galaxy,
etc.
— Things getting in the way
e Extinction, absorption, emission lines
* To get to flux, you fit a model to your spectrum
e VFv is your unfolded (remove model and all of above) spectrum
— So fitting a model to your vFv spectrum is kind of cheating ...
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g vFv Spectra are Model Dependent
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Unbinned (poorly binned) counts spectrum



Ve
s, ermi vFv Spectra are Model Dependent

Gamma-ray
/ S',U- e Teles ope

data
e e e e — S—
™ :
]

o ; B GRB 110731A 1
« ’g’ M ]

- -
S f E

S |
2 g 3 H» E
s
Y
=3 v-:F 3:
8 1
y 4
N o
g = - :
c é" ]
%
S -1 1
ot — :
aanal Al aasasl A a2 aaanal M asasel A ata aaaaal aaasassl A A A A2l AL AL
10 100 1000 104 10% 10¢ 107 108
Energy (keV)

Facusin 20-May-2014 11:51

Binned counts spectrum
(only binned for plotting purposes)
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data and folded model
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Binned unfolded F, spectrum
Fit to Band function (grbm in XSPEC)
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Unfolded Spectrum

b ] e |

~ | Pl s e GRB 110731A

» Therefore, vFv SEDs are not model-independent
* Residuals and fit statistics, are a better way to judge how well
the data fit the model
* Plotting data with best fit model can bias the reader towards the
validity of your model
» Used inconsistently in different fields
* LAT team generally plots model + residuals
« This is all just a note of caution!
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10 100 1000 10¢ 108 10¢ 107 10%
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vF, = E2N(E) spectrum
Fit to Pow+Band function (pow+grbom in XSPEC)

nomalized counts 4
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C— Let’s build a really simple SED

Extract LAT Spectra
— Standard Science Tools Method
e gtmktime
* gtselect
e gtitcube
* gtexpmap
e gtdiffrsp
* gtlike
o (gtfindsrc)
e gtbin
e gtrspgen
* gtbkg
* http:/l[fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/

lat_grb_analysis.html
— Shortcut/Wrapper Method

e gtburst
* https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/gtburst.html


http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/lat_grb_analysis.html
http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/lat_grb_analysis.html
https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/gtburst.html

s erml GRB Specific Uses of Event Classes

e LAT Low Energy (LLE)

— really loose event classification that can be used down to
~30 MeV, useful during brightest part of bright bursts when
source is really bright compared to background

e Transient class

— Useful during bright prompt burst itself, while source in
counts limited

e Source class

— Useful over longer intervals like long extended emission
(100°s-1000’s of seconds)
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— Python GUI interface for
 downloading GBM/LLE/LAT data
* selecting background and source intervals (GBM, LLE)
 likelihood analysis of LAT data
* Localizing LAT GRBs
— Also useful for other short transients (e.g. Solar Flares)
— Is part of the science tools, but updates via git separately
— Itis on your VM now
— Written by Giacomo Vianello & Nicola Omodei (LAT team)
e rmfit
— IDL GUI for selecting background and source intervals
— Spectral fitting of GBM data
— Available on FSSC user contributed tools
— Written by Rob Preece, Adam Goldstein (GBM team)
« XSPEC
— Standard tool in X-ray astronomy
— Written by Keith Arnaud (NASA/GSFC)
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You can recreate all of this from the FT2 file
Or from the gtmktime output GTI extension

T0 +4290-7050s
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Space Telescope

 Simultaneously detected by
Swift & Fermi
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Gamma-ray
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e Extract Data for GBM & LAT
e Likelihood analysis of LAT data using gtburst

— Get simple fit to LAT spectrum, and contribution from
background

e Get both GBM & LAT data in XSPEC
— Joint band function fit
— Different statistics for different instruments
e GBM - C-stat
 LAT - pgstat (Poisson data with Gaussian background)
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/ Space Telescope

e vagrant up
e vagrant ssh

 Make a directory for your data analysis, and specifically for
this burst e.g. ~/GRBs/GRB110731A

 Data for tutorial
— Extract it yourself
e gtburst — we’ll walk through it
— Or grab data | already extracted
* https://confluence.slac.stanford.edu/download/
attachments/223229391/grb110731a.tar.gz?

version=1&modificationDate=1496332971347&api=v2
* in your VM home directory, type:

e tar xvfz grb110731a.tar.gz


https://confluence.slac.stanford.edu/download/attachments/223229391/grb110731a.tar.gz?version=1&modificationDate=1496332971347&api=v2
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 Type gtburst
— Update - always a good idea

1= Fermi bursts analysis GUI
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RA. (12000 \
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background specwa far GOM and LAT/LLE daa
“" 4 ¢ Ar pettwace el
erform Belhood analyws md sBcrvation symadation Jtegge ng 39 4. Peskias Qite://femnd gefe aass /80 %0/ ane AR2 At Sure £
dace T dac el 0k dod
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Gon

/ Seuce Telescope

e gthurst
— Download LAT dataset
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GBM/LAT GRB Tutorial
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e gthurst
— Browse GBM/Swift triggers, or enter manual info

™ Fermi bursts analysis GUI - -

fle Tass Tooe  Update
Trigger name
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Download data
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/ S(} e Telescope

e gthurst
— Choose your trigger

™ Fermi bursts analysis GUI s 0 X
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perform Belhood analywis
wirh standacd LAT cz'; ) e e

Chek an » ool 35 50t T Dl (0 et T soring )

Tobegn, cick onthe Fie menu
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e Telescope

GBM/LAT GRB Tutorial

e gthurst

— Choose the dataset
— 10000 is standard interval to search

e Tasks Tooh Updede

Trigper nasse
RA (J2000
Dee. (J2000)

Trigger date (MET)

Browse triggers

Trigger maumne:

Trigper the: 333803371.954 5
RA 260 504 )
Dex. 28 537 ?

Dowrdona GEN antsy
Dorerdond LLE aata
 Doerdond LAT starcind diats (Tranaent wnd cearws oo )

Dewrload data Cancel

Please nsert a wigger name/mumber, and select which data you wars 1o
download You can alro download trigger dacs directly from the HEASARC
clicking on these Unks: GBEM daca, LAT LLE daca. Moreaver, you can
download OBM dady dats hese and LAT photon daes here

Insert manually the trigger suumber, or ciick on 'Browse tiggers'to

With this sppiication you can download Fermi dacs for ©
GRBs and Solar Flares, compute source and downioad the list of all triggers from the HEASARC webske and select fram s e i1, son
background spectrs foe OBM and LAT/LLE data
perform kelhood analysis and cbservation simuadon
with staedacd LAT data

there
sayl)

Sl LA T T RPN

ThAIe Jadlages are SIegerty oF U Dergedstive anwthars

To begin, cick on B¢ File menu
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s ermi GBM/LAT GRB Tutorial

™Y

/SanlH-s

e gthurst
— wait

\ Fermi bursts analysis GUN
Fie Taks Took Upsate Farmi bursts anadysis GU

1 Waling for e server 0 complete the query (esmaded tme 266 seconds)
Trigger name '

RA. (J2009) }-
Fert

Dec. (J2000)
Trigger date (MET)

Uamma-ray space

With this spplication you can dovmload Fermi data

NeV)
for GRBs a0 Solwr Flares wl'l'lfu-‘\{»c)’ on edius (degrees)
bac T‘V'PL"H spec tra for GEM anﬂ ATALE data 7}‘ satanated Sine r‘-: your quecry to complete 313 264 seconds The results of
perform likelihood analysis and obeervation your query may be for Leimi gaf gr/sga
simulgtion with standeed LAT d&a bin/sse /LAT/OueryResy l'* CQL7ideL1T706011154 34 14FE1TVPSS
To begin, click on the File s

¢ 'V UelLUIKNROR
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/ Seuce Telescope

e gthurst
— or grab data from directory

= SIrMIi DUTSIs analysis U

™ Ta e LR

Lond dela Bum o ey

/ e
(ravae Vg e
fent

Condpuraon

]Fprml

Gamma-i Spat

Wrh thet applcanen you can 40 7 el
JRBs sed Seiar Pares compate soace wd a3 - e
bachground specwa far GOM and LAT/ALLE daa -de
perform Beihood amalywa mnd sSicrvation symadanion 1 » s Q8 Lemd 2 £/ 80 %0/ sl AR 2 Al Pupe 1
dace T dar i ARak s A
aew ity

Tobegn cichk oo e Fle menu
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/S Tacion

e gthurst
— or grab data from directory

Fie Tadks Took Update
Trigger name
RA. (J2008)
Dec. (J2000)
Trigger date (MET)

o \ Pease seect a drectiory contaning data fles

D'y iyt ¥ GrandD it 107 31465 &
B ~itee ®
"B cpw
B gt
« B
B8
-
B FermiDea
£ by i )
o bnlgr3less
B ples
=
* Bw
= meaa
B mre
= BB opt

With this spplication You can downiosd Fermi dd & I proc )

e -
for (GR Bz and Solar F1 O Mos SOUNC »|
for GRBs and Solur § .r.'_r::” mE :'._.'.'.v' and fodes (nicols omedeifgaail com
background spectra for GBM and LAT/ALLE data

perform likelinood nalysis and obesrvation

simulation withstandard LAT data W sldasalaoaliaia

oy (Bh%s S

Ta bezin. click on the :_x" mens Thare PACEAGe: are propesty of e respective suthors

«



GBM/LAT GRB Tutorial

e gthurst
— Choose the dataset

Fermil bursts analysis GUI -

N v e A

Trigpe nase
RA () 200y
Dax. (J2000y = Select datasets X

Trigper date (MET) ™

vl (0deg) wnl (4deg)
2 (0deg) vnd (42deg)
(5 deg) nS (5 deg)
vl (22deg) ol (47 deg)
M (0deg) vl (G
(99 deg) o (deg)
vbl (& deg) bl (S0 deg)
vIAT { 3deg) v ULATLLE( Jamg)

2

Do NOT e GEM TTE e
(you ooe Seme reschtiory )

Ok

In parenchesis you can find e angle

berween each derectsr and B source

Select dmadets 1o use fer your analysis

re selected Setece

are Nals closer than 80

9

deg 1o the sewrce, the closest BOO snd the LAT

¥ o -
S predene)

PAACEAS Repwecds &5 e Deadeny of e tame 22l




e,(m GBM/LAT GRB Tutorial

Gamma-ray

Sc\.K e Telesc ape

e gthurst
Clearly a burst!

‘ene® \ Fermi bursts analysis GUI
File Tasks Tools Update
Trigger name  bal10731465 )
R.A. (J2009) 280.5 »004 no I i
Dec. (J2000) 295 0 — . II L 2000
Trigger date (MET) 233803371 953984 7
0
%004 ns |
(-] l L 2000
3 | A
2 100 > ; - rl_ ° -
2 ; v ‘
3 ¢ n9 1 - 2000 3
0
2500 . | .
o
LATLLE + 100
Detectors to display in the LC: » AT 0
v 10 (13 dag) ¥ n (84 deg) ~ nd (42 deg) 0l ’ . . ' . . .
v 08 (21 deg) ¥ n7 (47 deg) ~ n3 (48 deg) -1000 -75%0  -500  -250 0 %0 <00 750 1000
v 0O (07 deg) ¥ LAT-LLE (3 deg) ~ LAT (3 deg) Time since trigger

AEIFQ=R
Loaded datassts o0l A8 0507 O LAT-LLELAT Credits: G Visswllo (giscomovslac stanford eda), N Omode: (nicola caodeiSgmail com)
This softwaze embeds

i |

o 1i irge -gtapps_ap by J Perkins (hitep. [/fermi gafc naza gow/asc/dasa/spalyaia/users)
$ You can 200m/pean the light curve using the “helpy 1 Py N TYS)
toolbir at the bottom of the figure. For help on the uss ~ K v of th . "
too e e3¢ paikages are property o e respective authors
of the Ibae, s0e Naking the L&t curve

hitp//matplotiib orgAsersnavigation toolbar htmi Dome |
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Gamme roy
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|

GBM/LAT GRB Tutorial

e gthurst

fermi20148i4

bnll10r31465
280 S04
8.5
333808371954

Jefections 50 dopley n e LC
« LAT () amg)

Loaded dacasens: LAT

Source Zenith angle (deg)

Source off-axis angle (deg)

Navigation plots

140 |

120

100

| i 1 |

2000 4000 6000 8000
Tmun-ce trigaer ()

10000 12000

g & 8 8

~2000

2000 4000 6000 8000
Time since trigger (s)

10000 12000

=

S You con 200mypan the ight curve using the

oelbar at e bettoem of he figure, For help oo the us

2OO+ Bl

o the saolbar, see
menapieons st cunavigatian ek sl
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Gen

/ Soace Telescope

e gthurst
Click here

'® o N\ Fecmi bursts analyss GUI
Fie Tatks Tools Update
Radius of interest rad
Event class irf payasneaitte | 7

Limit earth limb i 100
Start time relative to trigger,  Wtart <
Stop time relative to trigger tstep w =l oo ‘
Min energy in MeV|  emia 100 |
Max energy in MeV eman 100000 3 ]
skybinsize O ‘
thetamax 1200 X P‘:
strat y 1=e 5
0wy ! ‘

200 728 00 722 00 376 00 7000 o -
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/ Soace Telescope

GBM/LAT GRB Tutorial

e gthurst
— Limit data selection to SED interval

— Relevant event class (Transient20e)

- R -
o c N\ Fermi bursts snalysis G
File Tasks Tooks Updade

rad 12

It pO_transkentd20e

anax 100

tstart

tstop

emin 100

emax 100000
skybinsize

thetamax 181

strategy s

294 00* 288 00* 282 00* 276 00* 270 & . L %

REI>IPQ=N

14 Run Next -> Cancel

Here you spply cuts on the deta

For imtervals shorter than 100 8 it i3 usually best
o -
to use TRANSIENT class, while for longer intervals it
15 best 10 use the « 1".5’7’ ..::“ :‘ ( 1‘ cliss ','.'- It 4R
the function Make navigation plots’ in the Tools menu
to decide which Zenith cun it is best to apply
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GJ’Y""\J oy
S;u. e Teles ope

e gthurst

— Setting up background models for likelihood
— next-run-next

\, Fermi bursts analysis GUI
File Tasks Tools Updale

particle_model isobr template ?
galactic_model tempiste (bord nom) — | 7
source model  powerdw ?

fgl_mode fast ?

<-Prev. |2/4 Run Cancel

You have to chooss which model include in the 3 (got_axe n deprecatad in wp ; ; A
likelihood malysis. See Ll i o o S~ ,
httpe//ermi.gste.nasa gov/ssc/data/anal ysis/scitools/so | | axes property A remov has otn ¢
urce_models html for the list of available spactral got_axes b eer rec L please !
model for the source_mode] parameter, g (Xes property. A removal date ha ol e .
e . ( o »p ple
Atx date has sef

Use Powerl aw?” for normal GRB malysis. featile =) None
©
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Gamma-ray

S;‘u\' " Trlru ape

bni 10721465
bt 107304865

gtburst

— XML file, default fits power-law with index=2

b Wl

ece
File Tasks Tools Updake

No parameters needed for this command.

pAtTOTINELS
pnt1o7nnam
b 107 30405
bt 107204038
Isoropic Tonplate
Isolropec Tenglate
A Gt Templhate
Gaactc Tomphite

Just click Run.
MName Vb Error oy
Irdegral 00! 106
> Irvden < -60
LowerLmt 100 <00
Uppert imat 10400 00
o 805 oo
Oli¢ 08 w0o
Poorm ab ) s om ) 0s
Vane | 00
Value ) 07
POS e abd G0 \ 0 00

S R —

1 00000 ©
onm
J00000 O
S00000

LS

Save

; GBM/LAT GRB Tutorial

e - . —
N, Ferms bursts analyss GUI
\ Ferms Dursts analyss GUI
Doutie COCk 0 & pacimeter 1 Changs £
S Free Sowrce Type Feabure
000 ! PontSource igecrum
) | PortSource 19 run
. 0 PortSource 1pecrun
9 0 Portiounce ipechum
' PortSounce [ A T
18 0 PortSource 1998 MM el
! ' D@ ie50ace ipechum
’ DfreSoace 15 M8 aldcd el
1 0 DseSource 1pectrum
18 0 DesseSource e PV T

Feature Type
Powert awd
Firmert ow.)
Fower ywl
Powd awd
SAyOnf unchon
NyOef unchon
Fdef unchion
ComtatV shon
ConitantV abue
MapT ueF und Son

| Yo _POR2_TRANSENTON

| YR _lem_vOé_cutfits

Alter clicking run’. you can modify the parameters of
your likelihood modelby double clicking on the
parameter of interest and setting its new valuss When
Pou are done, click on Save’ @nd then on 'done

1f you have feww photons in the image, you might
wWant to (reeze some parameter otherwise the

Done
 #E€EIFQED

l_

- Borwang gteditalnodel on dataset |

salnodel

;”.0:‘.:‘32.;:-3-1 N T

T wvith thas parameters

= ffome/vegreet /CE8s /GRB110TIIAAal10TII4E5 LAT walncdel xal




cp— GBM/LAT GRB Tutorial

e gtburst
— Optimizing position — runs gtfindsrc after gtlike
— Show model image — makes TS map

— Spectral files — makes XSPEC ready files
— Run -> wait ...

o a \ e Surats aadyna GUL
File Takr Tools Update
tsamin

optimizeposition yer |
showmodelimage yes

spectralflles y»
lketype nbeend — |
flemin
Memax 1000
<-Prev. 44 Run Canel

Here you will parform s likslihood soalyvess on the
dals You 3 lected in the first step. uing the mode] you
g dectad in the 2nd stép

ataset LAT with this parsaetecs

-----------------------------------------------------------

¢ The likelihood soalywis thould tale betusen 5
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/ Space Telescope

GBM/LAT GRB Tutorial

e gtburst = ~
— LAT Likelihood results =S =) :
— Finish e e 2

Fee Tes Teoh usgddsanm - daee+ALE

tsmin
optimizeposition ye
showmodelimage ¢
spectralfiles

ket ype woree
Nemia

flemay
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Gamnme roy
Sc\.’( " T-,-l-,-s(npo,-

e gtburst

— Turn off some of the GBM detectors, only need 2 or 3 Nals
(with smallest angle) & 1 BGO

ene \. Fermi bursts anslysis GUI '
File Tasks Tools Updae
Make Melhood analysis 0721465

Find sowce with TS map 1 0
Inteeactively recenmsr AOL aal
ake specira for XSPEC 0
1953984 —
L 2000
0
ey B L
5 0 5
| - 0 €
8 - L %00 3
Lo
100 A LATLLE
0 Srinsvhot . — —
LAY
Detectors % display in the LC: K
v 00 (19 deg) | nl (44 deg) ¥ nd (42 deg) ’ e . ’ . o
v 05 (21 deg) | n7 (47 deg) " n3 (40 deg) -1000 -750 -500 -250 0 0 500 750 1000
v b0 (07 deg) v LAT-LLE (3 deg) ¥ LAT (3 deg) Tine since trgper
Loaded datwets: 0.0 3 06,07 ODOLAT-LLELAT | Sky map bnntmm‘ AT skymep. £3¢ 4]
Irgut 06 model bn110731465_LAT salaodel sal
Likelihood results (L) . gll_fti1 tr Bni10731465 w0 _filt likeRes xal
¢ Youcmzoom/pan the light curve using the Haking the light curve
toolbar at the bottom of the figure. For helponthe use  Making the light curve
of the toolbar, see Done

Making the light cusrve
htpc//matplotlid.org Amers navigation _toolbar . ml Don-n; s
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Gamma-ray
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|

e interactive or manual interval input

o0e
Flle Tasks Tools Update
intervals 0-20 ?
dt None o |
tstart  -1000 o |
tstop 1000 ?
dataset touse 0 ?

172 Run | Cancel |

in this step you have to define the time intervals you
are interested into. [f Jou want to, you can rebin the
data by spacifying a new bin size dt, and the desired
start and stop time of the rebinnad light curve,
Otherwise, leave dt, tstart and tstop to None',

Insert '’ or “interactive’ inthe form to s2lect

Al

\ Fermi bursts analysis GUI

#€>+Q=0B

capecfile => /home/vagrant/FermiData/bnll0T31465/glg_capec_nl_bnll0731485 v00. pha
rspfile -5 /home/vagrant/FermiData/bn110731465/qlg cspec nill bni10731465 00 rap2
srcintecvals > J/hone/wageant/GESs /GRB110T31Anl 10731465 _nl_sccintezvals fits
capecfile -> /home/vagrant/FermaData/bnl110731465/glg_copec_nd_bn110731465 v00 pha
eventfile -> /home/vagrant/PermiData/bnl10731465/glg tte nl bnall10731465 «00 fit
rapfile «> /Beome/vagrant/FerniData/dnll0731465/glg_capec_nl_ball0731465_ w00 rap2
ft2file -> Nome

srcintecrvals <> /home/wageant/GRSs /GRB110T3IA/Dnl 10731465 _n0_sccintazvals fits

A
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Gamnma oy
Scuu- Tu!les(opor

e interactively zoom

00 N\ Fermi bursts analysis GUI
Flle Tasks Tools Update
intervals interactive ? 168
] U
dt None ?
— 1160 4 no
tstart -1000 ?
tstop 1000 2 155 -
dataset touse nd I ? 1150 A h
2 | U
2 1145 4 -
1140
1135
1130 4
i
0 10 20 E 4 40
Time unce trigger m
# € so0m rect
In this step you have to define the time intervals you AN v A
are interested into, 1 you want to, you can redin the E;“;;‘ :
data by spacifying a new bin size dt, and the desired de - Nome
start and stop time of the rebinned light curve. srcantervals = /home /vagrant/GRBs /ORE110731A/bn110721465_n0_srcantervals fits
Otherwise, leave dt, tstart and tstop to ‘None', cspecfile « /home /vagrant/FermaData/bn110731465/glg_cspec_n0_bn110731465_v00. pha
¢+ Qet time intervals interactively
i L i’ o¢ “interactive’ in the form to select - Using default event loop until function specific to this GUI is implemented -
¥ ‘
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Gamma-ray
S'u.' e Telescope
S |

e interactively choose source interval

| @00 N\ Fermi bursts analysis GUI
File Tasks Tools Update

intervals interactive 2 oy
dt None )
- 160 4 M0
tstart -1000 2
mop 1000 ? 1155 +
dataset touse n0 ? 1150
g 1145 4 |
2
=
o
1140 4
1135 4
1130 4
s - J =
-20 -10 0 10 2 0 a0 m
Time since trigger
| -
AEI>HPQ=R x=198102  y=1137.08
In this step you have to define the time intervals you = ft2file = Wone A
are interested into. 1§ you want to, you can redin the tatop A
data by specifying a new bin size dt, and the desired de « None
start and stop time of the rebinned light curve. sccintervals » /home /vagrant/GEBs/GRB110731A/bn110731465_n0_srcintervals. fits
Otherwise, leave dt, tstart and tstop to None' cspecfile = /home /vagrant/FermiData/bnl10731465/glg_capec_nl_bnll0731465_+00. pha
¢ Get time intervals interactively
Insert '{' or “interactive’ in the form to select - Using default event loop until function specific to this GUI is implemented -
e : Le
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e interactively choose background for each detector
(0] (@] \ Fermi bursts analysis GUI
File Tasks Tools Update

intervals interactive ?

n3

1400 +

County/s

1200 4

1100 4

L Ll La L L L4
—600 -400 -200 0 200 200 m
‘ Time since trigger
A €IPQ=

[In this step you will produce the background spactra Al bkgspectsa » /home feage unt/cRBa/G-‘ﬁﬂ10731A/b¢:l!0731465_n3_bkgsg;c tea bak Al
You have to select off-pulse intervals. The program raﬁl Lol - /h:n/v:qrnnt/h(nbnta/‘bnl!073l4b5/q1q_cspec_n _bnl10731465_v00, rap?

- N Ciis . . y intervals = interactive
will then fit adifferent polynomial for each channel bkgintervals = /hone /vagrant/0RBs /0RB110731A/b0110731465_n3_bkgintervals fits
of the detector, and it will interpolate such srcintervals = /Bone /vagrant/ORSs /GRB110731A/b0n110731465_nl_sccintervals, fits
polynomials in the pulse interval(s) to compute the capecfile = /Bone /vagrant/FerniData/Anl10721465/glg _capec_n3_bnl10731465_v00. pha
background spectrum. "+ et time intervals interactively

Using default event loop until function specific to this GUI 15 implemented

Calart tum tima intarmrale Ane hafrrs and Ana 4
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|

e resulting fit, retry if it doesn’t look right

[ NN N\ Fermi bursts analysis GUI
File Tasks Tools Update

intervals interactive 2 ‘

2500 +

2000 4

Counts

1500 +

Sgma
~
w
A

-25

Retry

T

T

Al
’ -400 ~200 0 00 400 600

Time since tngger

#E€EIPQ=0

gtlledkg donwe!

i3

In this step you will produce the background spectra. |~
You have to select off-pulse intervals, The program
will then fit a different polynomial for each channel gtlledkgGUI done!
of the detector, and it will interpolate such
polynomials in the pulse interval(s) to compute the
background spectrum. ¥ Done

Using default ewvent loop until function specific to this GUI 15 implemented

Computing residuals

Calart tuawn tima intarpale Ana hafrea and Ana L
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e resulting files

[vagrant@host-10-0-2-15 GRB110731A]S$ 1s *pha *rsp *bak

bn110731465_b@_bkgspectra.bak bn110731465_n3_weightedrsp.rsp
bn110731465_b@_srcspectra.pha bn110731465_n6_bkgspectra.bak
bn110731465_b@_weightedrsp.rsp bn110731465_n6_srcspectra.pha

bn110731465_LAT-LLE_bkgspectra.bak bnl10731465_n6_weightedrsp.rsp
bn110731465_LAT-LLE_srcspectra.pha bnl10731465_n7_bkgspectra.bak
bn110731465_LAT-LLE_weightedrsp.rsp bnl10731465_n7_srcspectra.pha

bn110731465_n@_bkgspectra.bak bn110731465_n7_weightedrsp.rsp
bn110731465_n@_srcspectra.pha bn110731465_n9_bkgspectra.bak
bn110731465_n@_weightedrsp.rsp bn110731465_n9_srcspectra.pha
bn110731465_nl1_bkgspectra.bak bn110731465_n9_weightedrsp.rsp
bn110731465_nl_srcspectra.pha gll_ftl_tr_bnl10731465_v00_filt_spec_0.000_20.000.bak
bn110731465_nl1l_weightedrsp.rsp gll_ftl_tr_bnl10731465_v00_filt_spec_0.000_20.000.pha
bn110731465_n3_bkgspectra.bak gll_ftl_tr_bnl10731465_v00_filt_spec_0.000_20.000.rsp

bn110731465_n3_srcspectra.pha
[vagrant@host-10-0-2-15 GRB110731A]$ |}
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XSPEC

— bhttp://heasarc.nasa.gov/xanadu/xspec/manual/manual.htmi

— Standard spectral model fitting package, developed in X-ray
community, so a bit X-ray centric (units default in keV)

— Inputs:
e counts/channel spectra
e Background files
 Response files
— Outputs:
* Fit parameters
« Model fit to data in counts space, F , VF, in energy,
frequency, etc.
Other spectral fitting packages
— RMFIT
— SHERPA


http://heasarc.nasa.gov/xanadu/xspec/manual/manual.html
http://heasarc.nasa.gov/xanadu/xspec/manual/manual.html
http://heasarc.nasa.gov/xanadu/xspec/manual/manual.html

Download example_prompt.xcm

data 1:1 bn110731465_n0_srcspectra.pha{*}
bn110731465_n0_weightedrsp.rsp
bn110731465_n0_bkgspectra.bak{1}

data 1:2 bn110731465_n3_srcspectra.pha{*}
bn110731465_n3_weightedrsp.rsp
bn110731465_n3_bkgspectra.bak{1}

data 1:3 bn110731465_n6_srcspectra.pha{*}
bn110731465_n6_weightedrsp.rsp
bn110731465_n6_bkgspectra.bak{1}

data 2:4 bn110731465_b0_srcspectra.pha{*}
bn110731465_b0_weightedrsp.rsp
bn110731465_b0_bkgspectra.bak{1}

data 3:5 bn110731465_LAT-
LLE_srcspectra.pha{*}
bn110731465_LAT-LLE_weightedrsp.rsp
bn110731465_LAT-LLE_bkgspectra.bak{1}

data 4:6
gll_ft1_tr bn110731465_v00_filt_spec_0.000
_20.000.pha

GBM/LAT GRB Tutorial

Setting up 4 data groups
e Nal

e BGO

e LLE

 LAT

This allows us to do things like
free parameters (e.g.
normalization constant) in each
group from each other
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+ Let’s set things up * Let’s plot our data
. cpd /xw * plotidata
o setploten - | ot o |
* ignore 1-3:**-8.0 rI{t
* ignore 1-3:1000.-** "*
« ignore 4:**-200. |
* ignore 4:40e3-** % 2k I
e jignore 6:**-20e3 E 9, ’ |
* ignore bad % i 0 {0 it

:
. statistic cstat ol
. statistic pgstat 5 2
* statisticpgstat6  ef . ML g
Energy (keV)

racasn 1 -Jen-2007 1786

cstat = Cash Statistic, pgstat = poison signal with gaussian noise



cagp—" GBM/LAT GRB Tutorial

 Let’s bin our data (for plotting purposes only)

* setplot rebin <min significance><max # bins><plot group>

 setplot rebin 510 1
e setplot rebin 510 2
 setplot rebin 5103
e setplot rebin 5204
e setplotrebin555
* setplotrebin556
e plotidata

feel free to play with these
numbers to make nicer
looking plots, it won’t affect
the fits

normalized counts s keV-'

10* 104

0.1

109

10*

107

0.01

data

Energy (keV)

10 100 1000 104 0

10¢

10°
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e Let’s fit the data to some

simple models
— model pow

— [press enter to use
default parameters]

— fit 1000

e Let’s plot fit with
residuals

— plot Idata res

Model powerlaow<l> Source No.: 1 Active/On
Model Model Component Parameter Unit Value

par comp
Oata growp: 1
1 1 powerlon  Pholndex 1.95653 «/- 3.12401L-03
2 1 powerion nomm 55.4299 «/« 1.33213
Data grouwp: 2
3 1 powerlon Pholndex 1.95653 -1
K 1 powerlon  nom 55.4299 -2
Data growp: 3
s 1 powerlos Pholndex 1.95653 -1
6 1 powerlon nom 55.4299 -2
Data growp: 4
7 1 powerlosn Pholndex 1.95653 -1
- 1 powerlos nom S5.4299 -2
Fit statistic : (-Statistic « 2387.72 using 499 PHA bins.
Warning: cstat statistic is only valid for Poisson data.
Background file is not Poisson
PG-Statistic = 198.41 using 89 PHA bins.
Barning: pgstat statistic is only valid for Poisson data.
Source file (s not Polsson
Background file is not Poisson
Total Statistic « 2586.13 with S68 degrees of freedom.
Test statistic : Ohi-Squared « 2918.29 using ST MA bins.
Reduced chi-squared = 5.13784 for S68 degrees of freedom

Null mypothesis probability = 1.815153¢-311

setmarning: Ohi-square may not be valid due to bins with zero variaonce
in spectrum meber(s): S

nTotal Test Statistic « 2918.29 with S68 degrees of freedom.
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e Let’s fit the data to some Model pemtrianct> Sturca .2 1 - Ackive/De

Model Model Component Parameter Unit Value

simple models T o gram s
— mode
— [press

toTTTT tOT TR

datas and folded model

10
defau ' 3
. 1 0.1 r 1
— fit10C & ooy 3
‘- 1073 r 1 —
g 10! ] Hﬁ—j u 1
y o 1073 3 T 3
e Let’s plot : 1
residuals °; 1
- plOt I( 1“:-10{ | 11
- 1/x ol ol o
& T' b | -
%
£
é ce
10 ul:-:: rcba 1'0‘ 110“ 1:3‘ 1217 10®
Energy (kav)

frocusin | —dn-2017 1748
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Gan

/ Soace Telescope
« Let’s look at the plot like a SED plotting VF, to unfold the data

using the response functions & model. This makes your
spectrum plot model dependent, caution when interpreting
physical models!

* plot eeufres
* plot eemo res

ok | | |
'! l ¢ ;
| S o
| ”

-
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* Let’s to a better fit to the data. Try these models
e model grbm
e model grom+pow
* model grbm+pow+bb

e model const(grbm+pow+bb)
e freeze 1
e untie 19
e newer 28=19

Unfonted Soactram [ R .

e ~— ] S ————
£ +14 Il | . !
i M ! ‘ i | 1 i
T ‘ :-r:"m ]
f ! ] !
: . | |
! ! 'l !
lv ] : :
.

] : ' l
|
1 — - d T | “VEASI NP | — R - .
s 2 |
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i 1 & I
£ £ t
‘\ 3 -1 b
P U ) -t 00 — : N
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* Fit the data
— fit 1000
 May have to do this several times
* Tricks to refine the fit, get out of local minima
— method migrad

 Minuit2 migrad method, useful for getting into the right
ballpark with wider parameter space

— method leven
e Default minimization method, useful for refining fit

— Sometimes useful to go back and forth setting method,
fitting, trying other method

e All these commands are documented here

— http://heasarc.nasa.gov/xanadu/xspec/manual/
XScommandSummary.html



@ eromi GBM/LAT GRB Tutorial

Gamme roy
S;‘u\' " Trlru ope
|

* You have a fit
— But don’t believe the results just yet ...

Sodel promls « poserlosds Source %o0.: 1 Atiw/Dn
Wadel Ml Compuret  Narwmmtar Uiy Vo -

por  comp
fote grove 1
i i1 o= e 4400 o SN
I 1 g e s 2.9 o 1R R .
3 1 ot» La v %0 o 2.4 N b I th
e roe U D g ever pelieve inese
s 1 pomeviin  Moledes . AR R &
¢ i poserios sorm LN 2 o S
e errors, ever!
7 1 ptm clre .49 -1
£ 1 ew [ PR Y -2
9 1 otm e v 30561 -3
» 1 o= ~rw JAMENT W .0
i 7 poserios  Pralades e -5
u i powerios  sorw nnm -8
St growg: 1
13 1 pt» sl 2.8 -1
" 1 o= i-te -3 A -3
b 1 ptm tem v W -3
% 1 e - TN .t
w 1 poserios  Prolndex .aan -5
- ¢ poweriem  sorw w e -4
fote growp: 4
® 1 g »iske et .3
2 1 gte ts 2. 00 .2
o 1 gm rem v 9.9 ]
o 1 o= “rw 14w “
P4 I poserios  Molndex . -3
i B W e -5
Pt shmtastic @ CSamtistin = 9,08 wing 49 A e

Sorming: catet Mtatiatic Ly only walif for Povsoon dote
Racagrownd Mile (e mot Poluson

PeAnanistic » WA wig B b

Barving S St istid (s anly vl il For Moloum e

o e e Goodness of fit

Toted Statastic « A51 T8 with WL dogroes of frende
Tost wnanisnic @ OM-Squrnd » B wing 09 bl
Roduced o -squored « PN for 34 degreny of frosdom

Nl ppiateci s protabd ling » % 00002

SORRr g D caparr sy h b vl A b0 s w A e el
O pectrum nuter(r): 5

aTotsl Teat Stotimtic » 4000 vl WA Segrees of Treedon
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Errors on parameters and local minima
— Sometime will find new better fit, and you can start over
— Confidence interval default = 90%, can change

XSPEC12>error 1-6

Parameter Confidence Range (2.706)
Number of trials exceeded: continue fitting?
Number of trials exceeded: continue fitting?
Number of trials exceeded: continue fitting?

1 -0.744889 -0.193892 (-0.260579,0.290418)
Apparent non-monotonicity in statistic space detected.
Current bracket values -2.25746, -2.25356
and delta stat 2.69048, 3.31576
but latest trial -2.25736 gives 2.685
Suggest that you check this result using the steppar command.

2 -2.40369 -2.25551 (-0.0739512,0.0742339)

3 127.898 232.325 (-41.8045,62.6225)

4 0.0214608 0.0303339 (-0.00350109,0.00537204)
5 1.93526 2.45999 (-0.0674719,0.457264)

6 7.96772 39.5745 (-8.86897,22.7378)
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« XSPEC can do lots of other useful things
— Many spectral models

e http://heasarc.nasa.gov/xanadu/xspec/manual/
Models.html

— Calculate fluxes over energy range

 If you want de-absorbed X-ray fluxes (true emitted flux),
you can set the nH=0 after fitting

— Can even simulate data using fakeit command

— Can fit offsets for different datasets if cross-calibration is
uncertain

» different fit parameters (e.g. normalizations) for different
instruments

— Plot data in counts, F,, VF,


http://heasarc.nasa.gov/xanadu/xspec/manual/Models.html
http://heasarc.nasa.gov/xanadu/xspec/manual/Models.html

s, eyl What else?

Do this In time-resolved analysis
e measure evolution of parameters
e are all components seen in every interval
e ftest for nested models

* more sophisticated simulations
potentially required

 Rmfit also does these joint fits
e Colleen will demonstrate rmfit next week



