gal

‘f‘\

Q)

-

-

-

-

Q)

[

s

!
¥

\J

) o)

M

n
. -
P

{0

)

™

~

=

A,

p <

<

/!

. o
s EerY Ll
Girmracin

GRB Data
Analysis

Judy Racusin
NASA/GSFC

Fermi Summer School, June 2017



7~
A Multiwavelength Analysis
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 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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A Caveats
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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

 |willuse 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, ...)
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s, erml Measuring a spectrum across the spectrum
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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
e 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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@, erml Spectral Energy Distributions
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 We want to plot of log,,VvF, vs log,,v

e How is this measured?

Measure Unit Formula Measured Details
known as where?
Photon Flux ph cm-=2 s N(E)=AE-T X-ray, y-ray Instrument
Density* keV-1 (example) dependent
Spectral Flux erg cm-2 s-1 f,=EN(E)=BE<2 X-ray,y Specific energy
Density keV-1 Optical, radio a=I-1
or or Jy or mag 1 kev = 1.602x10-9
Energy Flux* erg
Luminosity* erg s-'keV-1 L=f, 4D2 k X-ray, y k=k-correction,
D=distance
Spectral erg cm-2 s-1 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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asy. .ymi Broadband Spectral Energy Distributions (SEDs)

.:." L .‘"‘v
Sreee Telascape

L L I 1
b | i
NuSTAR E

- - s ) W 1%~ ? ™
- 1 I I T T
-8 C= —
E ""‘I —4489
-9k >
= F 148
m -
I 5 )
§ 1o} N g } ; ; ; ;
B B 5
o 1. = .
= LI 47~ Fermi
e - *: s - A 3 NuSTAR J
E_uE . o L Swift
B ’ - :
‘-' - 46
o= * FOCT R PO seras Bl
12 - & Synearolion sell- w P f' vff" .
. . hsorpticn —45
C imoortant :
-13 . . . . - " -
10 15 20 25

log v [Hz] (rest frama)

Kouveliotou et al. (2013)



'

—— Importance of Simultaneity
/ R;:,.z—¢|a:{-,~.ps
_— oo o Flux variations in different
oo ' : L wavebands may or may not
O y-rays (Fermi) ; :f 3C 464.3 1
b ¥rer , i ; be correlated, or have
20 l ‘ : delays
- Visible light | 7 Evidence of variation of
> different components
5 0] . p : Already messy, therefore
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Talk by Betta next week



A Extinction and Absorption
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ey, ey ml Extinction
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Wivelensih (A)
e Interstellar dust absorbs and scatters =520 3000 2000 150 1215
some of the IR, optical, UV light ' ' TR NI
- - - - _/
« Different dust composition or grain — MU RV=1LIS A
size impacts absorption & scattering 2| Tigue et

* Well-mapped for Milky Way, LMC, SMC o S
« A=E(B-V) xR, B |V
— R, set specifically for MW, LMC, «r:
SMC A
— FitE(B-V) or A,
— Get it from NED

— Get it from literature where 55
someone else has already fit it for » - v . " - - :
the same object Inverse wavelength (L/im)

e Cardelli et al. 1989 provides relations
between A, and other wavelengths, gch?ggzet al. 2012
el

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

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

s ermi X-ray Absorption

* 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

» 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




s, erml Adding y-rays to SEDs

* Likelihood analysis needed to determine contribution of source
and background components (fit/assume spectral model)

e |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,
— OH(V) = (V)@ [IN(VAV, ()20 2 + G2 (V)]

. = 2. 17 =
usually v, = 2.42x1077 Hz = 1 keV Taking into account

error on both
normalization (flux)
and slope

Vit |

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
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Ap— vFv Spectra are Model Dependent
o S
* 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

e 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
 VFvis your unfolded (remove model and all of above) spectrum
— So fitting a model to your vFv spectrum is kind of cheating ...



Sp— vFv Spectra are Model Dependent
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A vFv Spectra are Model Dependent
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A vFv Spectra are Model Dependent
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A vFv Spectra are Model Dependent
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A vFv Spectra are Model Dependent
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sy, erml vFv Spectra are Model Dependent
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A vFv Spectra are Model Dependent
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A vFv Spectra are Model Dependent
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Urfokded Spectum
JU_ L J{ GRB11073‘IA‘ |l
» 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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VvF, = E2N(E) spectrum
Fit to Pow+Band function (pow+grbom in XSPEC)
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 Extract LAT Spectra
— Standard Science Tools Method

e gtmktime
e gtselect
e gtitcube
* gtexpmap
o gtdiffrsp
e gtlike
e (gtfindsrc)
* gtbin
e gtrspgen
* gtbkg
* http://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.htmi



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
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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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A GRB Analysis Tools
7 gtburst
— Python GUI interface for
 downloading GBM/LLE/LAT data
e 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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Source Zenith angle (deqg)

Source off-axis angle (deg)

Common Time Interval

Navigation plots

T T T - - r
140 - Source 12 deg ROI]
A = Zenith = 100 deg 15 deg ROI
B 10 deg ROI

120 | SA /
100 - -

80

A ] ] A ( | ]
—-2000 0 2000 4000 6000 8000 10000 12000

Time since triaaer (s)

- ™ Too close to earth limb

80 Autonomous Repoint ) -
of ~" """ C ,—\\— - —| ¥ Outside FoV
i ! /, i
\ ‘ /
1
o Y K . LAT GTls:
\ . ! ! ! ! TO0+-973-1331s

-2000 0 2000 4000 6000 8000 10000 12000
Time since trigger (s)

You can recreate all of this from the FT2 file
Or from the gtmktime output GTI extension

T0 +4290-7050s
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e Simultaneously detected by
Swift & Fermi

— GBM, LAT clearly detected

— BAT, XRT, UVOT + ground-
based observations

e Ackermann et al. 2012

Multiwavelength Observations of GRB
110731A: GeV Emission from Onset to
Afterglow

+ XRT % | bV

o LWO) N
o A |
" MOA Y
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—CGEM & eV
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e Extract Data for GBM & LAT
 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)




~
s, erml GBM/LAT GRB Tutorial
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e Data for tutorial
— Extract it yourself
e gtburst — we’ll walk through it
— Or grab data | already extracted

e https://confluence.slac.stanford.edu/download/

attachments/223229391/grb110731a.tar.qz?
version=1&modificationDate=1496332971347&api=v2

e put grb110731a.tar.gz in ssvm directory
* in your VM home directory (/home/vagrant), type:
 mv /vagrant/grb110731a.tar.gz ~/
e tar xvfz grb110731a.tar.gz
it will create FermiData directory
 mkdir /home/vagrant/grb110731a



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

Me Taks Tooh Lpdale
T”,-wl:hb’.-mav-

RA. (120009 \
Dec. (12000)

Trigper date (MET)

Ferimmi

Gamma-ray Space lelescope

200+ . B8
Wrh this agplication you can downioad Fermi data for Peleme b0 e Pomni Ducst Amaipeis WV

GRBs and Salar Flaes, compute source sad coditer §.Vianells (pascemelinior. stentocd. ofu), ¥ tmaded (adeeds. smadeshpwnil. oo
background spectrafor GBM and LAT/LLE data, . -
werforrmn Dielhaod asalyils snd obdervanien sh=sdaras This seftwsce sdods
perform Boelhaod malysis snd odservation shulation Fagpe g 3y 1. Peckins Qe ) 2k
wih standacd LAT Jata Avigy Qitaillealen, sathad A
™» Perkage e t v

¢ beghn, cick en the Fle menu
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GBM/LAT GRB Tutorial

e gtburst

P

Download LAT dataset

Mo Tasks Tooh Lpcdele
Load daa from & dreciry
Lomd » cottiom Eataset
Dowriosd datasets

i Ferimi

G

Gamma-ray Space | elescope

200+ 88

Wih this agplication you can dowmioad Fermi data for Welcwme be the Feond Pucet Asalpris I v 01-00-Bpls
ORBs and Sslar Flaes, compute source sad coditer . Vianells (piscemevlsion. stentocd adu), ¥ tmaded (ndeels. smadeslpw il com
background specrafor GBM and LAT/LLE data, YALs seltunre mbeds
perform Biekhsod malysis sad observation shudasion ptegar g 3y 1. Peckias Qite //Cemni. safe aens . s’ s e Selaae dasAn/nae s

APigy QSN0 AR RANMER AN

wih standacd LAT Jata
Thare potkager ace gowpecty of e cempertion anthacy
To begh, cick en the Fle menu
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GBM/LAT GRB Tutorial

e gtburst
— Browse GBM/Swift triggers, or enter manual info

™ Fermi bursts analysis GUI - -

fle Tass Tooe  Update
Trigger name
RA (J2000)
D, (J 20009

Trigger date (MET)

Fermi

Download data

~ » Telescope
Trigpe name: T Browse uiggers . |
Trigger time: 2
RA ?
Des. "
Cowrioad COM data |
Cowrioad LLE duls |
Cowrioad LAT standard dada (Trarcserd and clearer chaoses )
Download deca Cancel
Please invert a trigger name/number, and select which data you want to
davwrtlaad. You can also download wigger data drecdy fram e HEASARC
ciicking on these knks: GBM a2 LAT LLE S2ta Moresver, ysucan
davwrtload GBM dally daca here and LAT phocon data Jere
: Insert manually the wigger number, or cick on Hrowse wiggers’
With this appicaten you can dawnload Fenmd data for ¢ “ m— 3 %
ORBs sad Sclw Raves, compute sswrce and dawnload the kst of all riggers from e HEASARC webaite and select from Jostpmasl. com ]
background spectra for GBM and LAT/LLE daca, there
perferm Eeelbosd snalyss and cheervation simedation arecs
with standard LAT daca T T

Thase pockagen acw jowpecty of e compective mutdace

To begin, click oo the Fle menu
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e gtburst
— Choose your trigger

= T Fermi bursts analysis GUI y x
M Taks Tooh Updale
Trigper nacee
RA. (J2000
Dex. (J2000)
Trigger date (MET)

Download data

Select trigger

o
-
o 1080" FI0ET4T 650 e 20 &0 15700 34 583 Forma COMPSW
Bn 1 10800 718 33061 1651 794 SPLAN 13039 8016 0.0000 S
Bn! 10802167 350060 765 SPLAN 130 0% 1790 0.0000 ar
B! 10000252 0TS 2T SPLAN 1298 17814 0.0000 r
! 1000054 IM407Y 130 854 SPLAN 130179 17 544 0.0000 ar
Wrh this agplicanion you can| 2! 19000578 IMOT2206 520 SPLAN 130,190 17 540 0.0000 S
GRBs and Salar Flares, comy and 10000780 IIM000047 420 cne 00 420 11 40 7 4300 Forra CBM ]

background spectra for GBN
PEITE EXEIN0S ANy o
wih sandacd LAT data Dore | Coreet

Ohck on & colemn 12 sor! S Satie (o Ivert B sortng)

To begh, cick on the Fle menu
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Lawim vty

Srcee _cla:mp&

e gtburst

— Choose the dataset
— 10000 is standard interval to search

e Tasks Tooh Updede

Trigper nasse
RA (J2000
D (J2000)

Triggper date (MET)

- Download
e
Trigger maume: bnl 10731465 ? Beowse triggers
Trigper e 333808371.954 2
naA IR0 SO >
Dex. 28 53 ?

Dorersond GEN @ty
Dowrdond LLE aata
 Doerdosd LAT stwraind cduts (Tranaent wnd cearss oo )

Dewrload data Cancel

Please nsert a wigger name/mumber, and select wiich data you wark 1o
download You can alto download trigger dacs directy from the HEASARC
cicking on these inks: GEM daca, LAT LLE daca. Moreaver, you can
download OBM dady dats here and LAT photon daes hese

[nsert manually the trigger sumber, or ciick cn ‘Browse tiggers'to

With this sppiication you can downlead Fermi dacs for ©

GRBs and Solar Flares, compute soarce and downioad the list of all triggers from the HEASARC webske and select from s uppna i1, 4om)
background spectrs fee OBM and LAT/LLE data there

perform Ekelhood analysis and cbservaton simudadon et L)

with itandacd LAT data R L e

Thato padhages are progerty of U dorgedtive anthars

To beghn, cick on e File mem
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e gtburst
— wait

GBM/LAT GRB Tutorial

\, Fermi bursts analyss G

‘e0e
Fie Taks Tools Updae ermi bursts analysis G
] Waling 10f e server 10 complete the quary (estmated tme 286 seconds)
Trigger name .
RA. (J2000)
Dec. (J2000)
Trigger date (MET)

#E€EIPQ=

Erecgy range (NeV
Seaczch cadius (degrees)
&0

With this mu ation you can dov
for GRBs &nd Solar Fliges

background 'F"‘ tra for GEM m’ The estisated time for your quecy
perform likelihood analysis end obeery a’:.n youtr query may Be found st .
simulation with tandeed LAT data bin/ssc LAT/QueryResults cqu

to .-‘ 2te 39 284 seconds The cewults of

To begin, click on the File menu
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Liwin v

; ' Wy
Srcee elascape
.'

e gtburst
— or grab data from directory

GBM/LAT GRB Tutorial

Mo Tasks Tooh Lpcdele

Load dalta from » drechory
Lomd » cottiom Eataset

Dowriosd datasets

i Ferimi

G

amma-ra '\‘l"" ¢

200+ . B8
Velowme S0 e Poond Pucet Asalpris W1 v A0S

Wrh this agplicaion you can dowmioad Ferme data for

ORBs and Sslar Flaes, compute source sad coditer . Vianells (piscemevlsion. stentocd adu), ¥ tmaded (ndeels. smadeslpw il com
background specrafor GBM and LAT/LLE data, . hed

% el 4 M ». a0 - £y This sefbwace mdeds
perform Biekhsod malysis sad observation shudasion gtegpe g 3y 7. Peckias Qte f/femni safe sens. swlaacsde Seleas dasialaas s

wih standacd LAT Jata Avipy Qta il ea ks, ahed A
Thare potkager ace gowpecty of e cempertion anthacy

To begh, cick en the Fle menu
«
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Sp— GBM/LAT GRB Tutorial

Liwin v

;
Srcee " elas
.'

7
COpe

gtburst
— or grab data from directory

Fie Taks Toolt Updae

Trigger name

R.A. (J2000)
Dec. (J2000)

Trigger date (MET) J -
o \ Please select a directory contaiming data fles

Mooty agrand¥ eemiDatvtn1 10 7IMES v

Foloer

cpan
gtburst
J
pk
ssh

FermiData

& bn0B0S 16003
£ bn110731485
# B GR8s

gy

B pfies
= B
*® BB b4
B media

B mnt
= & opt :
With this spplication you can doumlosd Fermi de® ' = BB proc N
for GRBs and Solar Flares, compute source and

?
-
>

New Fodder oK Cancel

porform Hikelihood analysis and obaervation
simulation with sandard LAT data

.
3
I

ALBDRAY222.0088)

Tpy (BEXp F7aplpy gitis

LA ALV

- ) 20 DLODILLY O OO whess
To begin. click on the File men These packages ace propecty of the cespective suthess
® ®

(nicols omadeibgmail ¢
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Lawim vty

f ;.l:li‘_bfl:’:l.(‘l‘\lz

e gtburst
— Choose the dataset

Fermi bursts analysis GUI x
e Taks Tooh Lpdele

Trigper naone

RA (20009
Dex. (J2000) =] Select datasets x

Trigper date (MET) Fe

vl (0dg) wnl (4deg)
R (0dg) vnd (Q2dwm)
(8 ey nt (8 ey
vl (22dg) wnl (47 )
M (0dg) vl (48
m (o) o (50deg)

v (& deg) bl (0 deg)
vIAT { Jdeg) wLARLE( Jam)

Do NOT sae COM TTE S
(you oooe S rescivtion/ )

Ok ]
In pacenthesis you can Snd Se angle

berwees each derecrar and &e source

Selecy daragers 1o use for your analysis

Pre-sedected detecrors are Nals closer than 50

deg 1o the s e closest BOO smd the LAT

(f presens
Wrh this agplication you can downioad Fermi daa for ) i i
GRBs and Sslar Flaes, compute source sad L | ]
ha~ i for O35 4 A - »
backgrewnd specrafo GBM and LAT/LLE data, spdating Repwscds 4a Whe Desdery of Whe €5PRC file
perform Ecelhsod aalysis snd obdervation shulaton
wih standacd LAT Jata done

gtiled sa done

To begh, cick en the Fle menu
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e gtburst
Clearly a burst!

‘s0e® I\ Fermi zursts aralysis GJI
e Tasks  Totkk Uoiale

Trigger mame  bnl1775 458 , [
b
RA.(J2008)  ZEC5 =0{ 1
Dec. (12000) R S J— — 22
Trigger date (MET) 33350857 | assazs i
=00 - ns L ’[
: us L i Tk
|
A 1977 - i | —— »
1 Vv £
3 T 1 e 3

Perrcs v daslag nhe L5
AL R REREETT TRV ) I s heorS AT du

. o~ 1 A

T 8 T

MR g v on? (97 ez e AR i 2000 250 500 260 H
0T el VIEAT-LLE 7 el & LAT 6 eagh Linmm wrs < m Lnge

# € Q=B

l,. mdex] Gt o G e T O L AT L TELAT Germats € Vammelld lqastowovlrlac, stanbzcec o] N Iwodsl inaIily aocdeillval..cowd
L.o selleoc s Cebeldo
[P pe crnb oo e e Pea Lappo g by ) rodbdns
b (ovCon ZOZJI.TQ'D e llb.'ll voree --.]I".6 L¢x i' 1:’ ?_t -I",: {isplas gilad dors
toalbir ot the Tothem ol the llg.'tc. For hclpcn e LRe . .
e pa kags: ooe Saopaity of he ae apLive ohin

ob U e lber, eew . A e
2 » . . Mo ryg s 10 50 cem
Bitpe rrnaizotlib cosd e s hevigaicn eolbia u-.,:.lJ N

450 v 20 wol
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GBM/LAT GRB Tutorial

e gtburst

~™ fermi2014ai4

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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Cawim vt -y
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e gtburst

‘ao®
Flle Tas«s Tedl: _pdake
Maka (keliFend arzi2zs b3 2
source wilb TS g
rb=racdealy racanler ROI
Maka spacha bo NSP=D

—_p-

PPEr HATE (MET) S5snEAT] 553388

LIpbeeinms ¥ cplay ine [
V01D Jer) v n 42 dag) 3t deg
W BT A6l v AT LE= (Teng) M LAT Gl eny)

Loadod detanets 203G cOLAT LLE ZAT

Yo can zoon/pan the Ligos coess elzg the
toolber at 1oe battone of he (igure, For Zeop onsoe use

of 12 toolber. sae
bty

GBM/LAT GRB Tutorial

%\ Fermi burs:s aralysis GUI

0 w L
C
%
2200
0
2000 % L
3 3
5 ab
g | . 2300
0
™0 - LA LLE L
v D i ierelenlir et S e o=
=
L 20
v
10600 750 =an 750 3 75¢ w0 A 1009

P s w gy e

# €>+Q =B

¢czadits: 2 Slorelle fclacomee3close okzafexd cdui,

K. mcdel frz>clo cnodrigomazl comd

=13 233tuax > cndeda: ) )
ct:;p: r> k2 3. Feckznoe [actp: ,,:cm 32f2 enoz, yoosocn Cats faralyaiafanex )
2lpe Tekzp Sooley cithab 204

123 DTCHACD Drc drepesky of the creprotive acktacrs
irg tkr Zight ccored
enz|

Count
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r 4 Srece T elescope

e gtburst

Click here

ene

Fie Tasks Tooks Updale

Radius of interest B
Event class irf PE_Fassistll e
Limit earth limb = s

Start time relative to trigger| st
Stop time relative to trigger,  tstep
Min energy in MeV|  emia
Max energy in MeV|  emax

N\ Fermi Bursts analyss OLI

skybinsize |
thetamax [ :
i3
sirategy hanad \i .
. o
= 4
{ %

P o
14 Run Next->  Cangel A

REIFQ=N

o e deta
For inte wals shot o1 t
o - g
) 42 RA ENT ¢in 1 T -1
e the N RCE clags ) L
A nl -
pl \
Bt
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N ety

La
r 4 Srece T elescope

e gtburst
— Limit data selection to SED interval

— Relevant event class (Transient20e)

- R -
Q (o] N\ Fermi bursts soalysis GUN
File Tasks Tooks Updade

rad 12

It pO_transkentd20e

anax 100

tsiart
tstop
10
emin 100
cmax 100000 2
skybinsize -
5
o L
thetamax 181 .
L
..
strategy bra . e
Yo
-
10 L3
294 00° 288 00" 28200" 26 00* 210 . it 1%
144 Run Next -> Cancel RA (120000
> D
#EIFQER
Here you spply cuts on the data A renov ‘
For imtervals shorter than 100 8 it i3 usually best
v
to use TRANSIENT class, while for longer intervals it
i5 best 10 use the cleaner SOURCE class. You can use
the function Make navigation plots’ in the Tools menu
to decide which Zenith cun it is best to apply
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gtburst

Setting up background models for likelihood

— next-run-next

e Tusks Tkl Liowls

GBM/LAT GRB Tutorial

N Fermi zursts aralysis GJI

parlicle model 1ol 1= vplax —al %

galactic model  twnzals jvont norn ;) _.I *

senree_medel  povanas |
rgl_mode  fal |

vebred (248 Kun Clanl|

Wons haoes b skacrs
") lll‘.o-‘i ..13]‘0..1. ':

wmaes moacal insloes Atk

3 skasnalyesaciteslaias
LT e l»a—h lulful Ir Tt of wenilel | ¢ sprdii:
mocel for the sousee el preametar,

o Uge FomeorL . Zor normel 7206 analsss

= frw 25 dren digredzted L. -r-- 1 L, clm ¢ usz Th:
'3 b X g low 2

J

(-:)J:&JO.J_J

'_"1“5.";1-::-:-.' us
Fan “o” Seen 2L
< oapt 1S pluass

Fax *o” Tewn wsl

dorroeal o |l
_ermx Tax Teen lop owmcatsdd

AN sy A rstnval Cats
SeQF.a = Nome

CanD pouatey
(L]
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gtburst
— XML file, default fits power-law with index=2

PP A SR S —

o (o]
Fie Taiks Tosls Update

No parameters needed for this command.
Just click Run.

Source Name Hane Vb Error Mn
110721465 negral oo 10-06
2110731465 ) INSex -2 60

10465 LowerLime 100 200

110721465 UpporL it Te405 200

o 20110731465 RA 2805 -3800

] 50110731465 O€C -85 -90
Isovropic Template Normmakraton 1 0s
sovopc Template Vake 1 00
Galacoc Template Ve 1 07
GalachcTemplate Normalkraton 1 oo
«

GBM/LAT GRB Tutorial

s ol nms  emAen  mhns s el

\ Fermi bursts analysis GUI
Dostide ek on & paciemedir 15 Changs £

Maxe Scae Free Sowce Type Feature
1000000 om 1 PontSource ipectrum
o " 1 PontSource 1pecirum
200000 © m 0 PontSource pectrum
S00000 " 0 PontSource spectrum
3600 " 0 PontSeurce ipad MM
200 " 0 PontSource 1paaMode
15 1 1 DuseSource ipectrum
100 " 0 DuseSource ipadaiveae
13 mn 0 OfyseSource 1pecirum
10000 " 0 DuseSource padaMadel

Save

Feature Type
PowerLaw
Powerl s
Powerl awd
PowerLaw2
ShyDufFuncton
SyOefunchon
FileFuncton
ConstantValue
ConatantVale
MapCubeF uncion

2

. 2 o S 1

| Wiso_PORZ_TRANSIENTO20E_V

| Voi_lem_vO6_cut St

After clicking 'run’, you cen modify the parameters of =
pour likelinood modelby double clicking on the
parameter of interest and setting its new values, When
wou are done, click on Save” and then on ‘done’.

1f you have few photons in the image. you might
want o freezs some parameter otherwis? the

_ malaodel

Dors
#eEIHPQ=H

sesssssnsnsinsnnsnss QUediMINCdel sesssssnssnssnsnssnsnssnsansnns

« Rusning gueditomlaodel on dataset LAT with this parametecs

* /hone fvagrant /G0 /D 110TIIA Al 10TII46S_LAT alacdel :al

.
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/‘ Spece Tetesope
e gtburst
— Optimizing position — runs gtfindsrc after gtlike
— Show model image — makes TS map

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

| ® © N\ Fermi bursts analysis GUI

spectralfiles y» ?
liketype whiered
flemin
Mlemax 1000

<-Prev. 44 Run Cancel

#EIFQED

Here you will perform & likelihood salysis on the - Breang gtedatalnode. on dataset LAT with this pacsaetecs
dats You sedected i the fiest step, using the mode] you

— ainodel o Dons /vageant /000 ARBLLOTIAASAI 1071465 _LAT xalacdel aal
selected in the 2nd step

Tow likelihood enalyeis should take Detewn 5
) Copfile =5 /Mane /agoant/TerniDataSnl LOTILA65 /glg_copec_nd_bal10731465_v00 rp2
&d 10 mimees %0 Complete frifile =» Nose - il -




GBM/LAT GRB Tutorial

R ey

f Srcee _bfl-":l‘r‘u[‘i

a Y, JRRINCOd M5

e gtburst

— LAT Likelihood results -

I
|
|
|
|
I
'
L] L] | SraberpioTuap late 1
| | 5T s 119
Finish . 22 e
| -1 ph Simd)
IBALLOT 3445 Ss9
ere - h oy
|
|
| |
! |
|
]
N 1 ) wergy rgs
! | sof <20 with the Sxc )l
|
|
.\\ ' | | i
|
e o
Fie Tats Tooh AL *+CGIAE ‘aestann - HSE TOSITR LI BANE 1D IO Ths

tsmia 2
optimizeposition voo J ?
showmodelimage v+ | ?
spectralfiles v»
likrtype urtered
femin X
Memax X

< Prev. 4N R Fingaty! Cancel

e WAl n
Jal YO o 4
1ol 4 hotter lecalizat e
e o ted ge it s » Dettes localization o
sed cecrwm the Libely
e kel hood wis should take betoanen
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Sx:ra_clxmp‘:

e gtburst

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

0O (\] Fasmel burss snaysa Gl
Fils '»“I Toox  pdae

Wk 1celtood o0 adyss

CTEAES

Frosurceutn TS nao - . nil
Triersndiomly et HH 260
ok sonztra o ALPEC .
VORIETUAIVIRLINY n3 l
- xen
I "
200 ne
= hil <
E - T
-0
34 L l
3 N Al e el e e P e Ja o . AA_"
(RY}
Uwlentors W disozy i bie L e
MRS g [nlide degy ¥ nd =z 420 0
. ' ' ' '
Ml Gl ey [T 47 deg) n3 (D d23) -1000 T30 =500 -0 0 252 e pics i
~ 00T ieg) M LAT LLE QD degi Y LaT D do) Tine sices Ligye
_—— .
# € >4 Q=
Loalel catesmia 200 250578 0 LAT-LIT, AT | 5oy wwe At INTIACS AN alymep SiE -
TEuT XL w0zl AL ZVVIACY LAT smlnccel oo
Zikelizzcd crrclts (ML) qll ttl e Endl)llsus sl bt LlicsFes =L
¢ Tovcmnacomipa the Lght curv wog e rasang ke Laget oucve.

hoolbar ot the botton ol e Igure ko kzlponthe st ’.:’("'n" s Liget wuc-c.
- - Ty - | L
vt l"';' teolbie, * - HNctey Eon Tigeh cuese
Bitps Aty ol oo Sommus oel e eIl ar oL Tl
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A GBM Analysis in Gtburst

Liwin vy

, ' S\’(#—ﬁleﬁpﬁ

e interactive or manual interval input

o0e N Ferri bursts anclysis SJ)
Fllg Tasks Tool: Uodate

inlervals L ?

dt Pleac ’

TSTart 1000 »

tstop 100 u

dstlused o use 1L ?

15 1un | (el |

# € > +Q =B
e Hhes =lep vy faes W dsFae Ly L e vials son = £:1 , L7 [ b 10950 458 5l [ Let 1192136 ol ~
s 1ol - - e " N R = Pt I3 B e, IZ!'II : ) ll:.".'-ll_l' leme maly wm X - _-l} I__ l.l Zl:_l - “ n .'_f | .
A R eestas i, K JOCIN TYRTS M AL CRD Rt it Trpts_s -> chemafvagrEct Tecwilata onll07iIdbarqly CIzaz nl Eesili1ALt F). T3pY
dile by apeify g ane bemeics A0 el e dbesirexd ot rlarvals =% Sumesoa A REs 2003 A ml 137455 il soc ot waTs Fitx
alar | aod slor tirns of e rebicnel 6' e CLpee lé_i_- v pmms e el ..e.E\.LJ";:ll:lE":".ii?;'gﬁ__ _;.)_--.-n_lt_l.;n'il.;{?!g& :j;Jl_J.',l.,..
e . para At - - Y orpe evectfils -0 Jonsvacxasb Tervilatbs/ LA ‘gle tes 00 EcZLITIACE w0). fis
Liheraiee, Jeava ct, atart and 3"”? w ane spfla «r A afvag ar S armilata Sl 10022453591y s as_nfl_Le D DATSICEE 000 Dxp 2
Stz -> Kee:
Ingert ‘i of ntaractive’ in tha form o sclan szcaakacvals -0 aomesmaresn T LRLa S AULICYILaBnll00 450 b axsintervals, Fits i
o r
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* interactively zoom

GBM Analysis in Gtburst

| Fasri 2ursts analysis GUI

In this step wou nawe to dellze the tlme [2rarvsls oo
are inlereslsl milo, TF ao s wenl Lo, voncan tebin e
el by sroriZviog woew tindiee oo e v
1art and stop time ol the reTloned Lgos cure.
Otheriss, Teawe 31 Lalart e =lep o None',

Inser. ' or “nleras live an s sorr o selecd

Fila Tasks Tenl: Updata
intervals "nlrrn: iy k) 1165 -
ar. Nons >
. 1160 ra
istart S ILEN >
istop |1003 9 1158
dataser to nse  aC . | ? 180
M -
1 nae | -
2
5
1190 -
110 -
e -
125 - J =
I I : | 20 10 3 12 2 30 @ m

T i e Lisgye

# € 2w 4
£ HEpT A

=akark -

zotog - 1000

ck = Kame

sczickaczwals = fae veccant SOFDs/ER01ZITTIA e 1107455 e _xzintarvals fite

cspecfile = saowe fvaccart Ternilaba ooll ITTI460 /gl _sepas_ed ke llC731465_ w00 gha

* sk tiwe LnTacvals intexssiiveles,
Leing defsalt evens oop artil fanction spesific e thas LUL is drplersaced
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/ Cawin vt Ay
S\zfﬁ ﬁl:’il’(lw

* interactively choose source interval

[m} o] [% Farme bursts analys s 31
Filg Twshs Tool: Updale

futervals T E S 1 "ES -
dt Mons ?
e - M
tstart 1000 3

Istop 1000 ? 2155 -

dataset tonse W ? 1150 -

2145 -_J

110 -

cumss

140 -

Clear
. ’- | crear |
20 10 0 20 22 i a0 m

#€>»FQ=R

145 -

P LT TIPS | Rl

In this step o 2y w0 deline the toe Duervels pow = frustle = Hare A
are Ivarastad nto. [F Ay want to, Touasn cenin Tha Fedoie . 3CC
dute, by uoeiiving wiwew Sindiae AU, sad e cosires de = e
[zrart and stop tlme ol ths ratinzed Ighe e, sccintexwals = Macrsveyraab CR0 s MREI 107 A a1l ITIIL6E a0 _scciatexvals, Sits
Otherwise, leaze db latart & tston 1o Mons', cspecfils = SacrsSvegraatst scvzdate, b 100 3MCS el cspec al bl J0TILAGE 0. pha
* dst bive drtarvels intecactively ..
[n3er: ' op “dntessrlva’ N 7a Sy m o 397 Ukir g defac™t woant Toca cetil Curcbics spacific L) ais UL Gx ap awwr Cad
el & 4 U g 048 L L e A Ao WK
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* interactively choose background for each detector

[ NN (%) Farm! burs:s anclyss 3ol
e Tassa Tonn Updadz

intervals merastivea ?

nJ

BRTR

A -

1200

4109

=
| X | I -rhiil -t 10 sl e « _‘:ejhmnr A0 M m
A€ PQ =

1 Ues slep vi e proelooe O beckpriaml soeclea,. = briqaoscten :‘hcnr:'-'n:un'uwe.'.ut -1(’)1?..::'«\. 2D nd Dhgspectra, bak . A
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A GBM Analysis in Gtburst

Cawim vt -y
S\=(ﬁ ﬂleﬂly:

e resulting fit, retry if it doesn’t look right
@09 [\, Fermi 2ursts analysis GUI

Fle Tasei Tonl: Updala

intervals  nteraciive ?

AL S B

2500 4

ren 4

Cinanls

Fome
r~
-
A

L) L
400 200 r 21 an FI0 u

LX) -

Tnthis step youw ™ produes tha Tansgrouns spera -
Y o bravs Lo select ofz-onles intersals, e vrogs an e
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oF thr detactor, and <t 2l InRreclTR ach .
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e resulting files

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

bn110731465_b@_bkgspectra.bak bn110731465_n3_weightedrsp.rsp
bn110731465_b@_srcspectra.pha bn110731465_n6_bkgspectra.bak
bn110731465_b@_weightedrsp.rsp bn110731465_nb_srcspectra.pha

bn110731465_LAT-LLE_bkgspectra.bak  bnl110731465_nb_weightedrsp.rsp
bn110731465_LAT-LLE _srcspectra.pha  bnl10731465_n7_bkgspectra.bak
bn110731465_LAT-LLE_weightedrsp.rsp bnl1@731465_n7_srcspectra.pha

bn110731465_n@_bkgspectra.bak bn110731465_n7_weightedrsp.rsp
bn110731465_n@_srcspectra.pha bn11@731465_n2_bkgspectra.bak
bn110731465_n@_weightedrsp.rsp bn110731465_n9_srcspectra.pha
bn110731465_nl_bkgspectra.bak bn118731465_n2_weightedrsp.rsp
bn11@731465_nl_srcspectra.pha gll_ftl_tr_bn110731465_v@@d_filt_spec_0.000_20.000.bak
bn110731465_nl_weightedrsp.rsp gll_ftl_tr_bnll@731465_v0a_filt_spec_0.000_20.000.pha
bn110731465_n3_bkgspectra.bak gll_ftl_tr_bnll@731465_v@a_filt_spec_0.000_20.000.rsp

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

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

— 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:
e Fit parameters
« Model fit to data in counts space, F , VF, in energy,
frequency, etc.
e 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

'

— GBM/LAT GRB Tutorial
/I ’%I\.: a'—:la:f-r.p:
* Download example prompt.xcm Setting up 4 data groups
_ data 1:1 * Nal
bn110731465_n0_srcspectra.pha{*} « BGO
— data 2:2 ° LLE

bn110731465_n3_srcspectra.pha{*} * LAT

— data 3:3
bn110731465_n6_srcspectra.pha{*} This allows us to do things like

free parameters (e.g.
normalization constant) in each
group from each other

— data 4:4
bn110731465_b0_srcspectra.pha{*}

— data 5:5 bn110731465_LAT-
LLE_srcspectra.pha{*}

— data 6:6
gll_ft1_tr bn110731465_v00 filt_sp
ec_0.000_20.000.pha
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e Let’s plot our data

e Let’s set things up

. cpd /xw  plot Idata

* setploten B

* ignore 1-3:**-8.0 W““m | | | |

e jignore 1-3:1000.-** f

« ignore 4:**-200.  _ <°

e ignore 4:40e3-** f =5 ’ | :

» ignore 6:**-20e3 £ : | ’

* ignore bad i L ¥
2 . 7 :

- statistic cstat =1 14

e statistic pgstat 5 e [ J |

o statistic pgstat 6 b o

a N al P al e o
LL 100 10001 1" 1F o 1 10F
Ensrgy ikel)

ponam 1-Juen-2017 17,93

cstat = Cash Statistic, pgstat = poison signal with gaussian noise
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 Let’s bin our data (for plotting purposes only)
e setplot rebin <min significance><max # bins><plot group>

e setplot rebin 510 1 Mg T SR

+ setplotrebin5102 f M,

 setplotrebin5103 3| b,

* setplotrebin 5204 ; 5| -

« setplotrebin555 : : T Jr

e setplotrebin 556 g i

« plotIdata g ]

g of

feel free to play with these o
numbers to make nicer [ S | A | | L I
looking plots, it won't affect " "W Regie e w b

the fits Fewe 1-due- 2007 1AL
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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

GBM/LAT GRB Tutorial

Node”. power awsl> Source No.: 1 Actuve/dn
Node™ Node™ Donponenl Paraneler Uall val e
par  <op
data groao: 1
1 1 ooeerlaw Pholndea 1.93633 =/- 3.12481C-43
7 1 OB 2w A0M 35 474 -/= 1.33713
Jata arouz: 2
3 poeerilaw  Pholndea 1.95353 -1
4 DUMRPT 2 MNP 554720 -2
Mala arous: 3
S 1  oposcrloe Prolndoew 1.95853% -1
6 1 zomerlae mom 35.4299 2
Dala araun: 4
7 1  powcrlaw Paoladex 1.95553 -1
13 1  oowerlae nom 35421 -2

it statstie @ (-Statistic < 238772 using 498 ria ouas.
Marvirg: ostal statistic is anly valid far 2aissan data

Eodkground Flle L not Polsson

FG-Stot=st~c = 135.41 Jctng BQ PHA aiag

Marviing: pgetut stutistiv iy only valid For Rolsson data.
Scurce Fule os mot Pousson
Eockground (1e 1 nol Potecan

Tote”. Stutistic - £586.13 witn 368 dugress of Fresdor.

Test stutistic @ (hi-Syoured = 231823 using SN A bins.
Frechoowel <biy-sqaured 2.137H For 358 degrees oF Freedor
MU ypothests oronootitty = 1.815153%a-311

arving s Chi-sqoare nuy not oe valid dus to Blns witn 2emo wrionce
oo speckran naper(s)s 3

nTotal Test Statistic = 291529 witn 558 dagrass of Frasdor.
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f Lrwin vy
/ Sncee Telascape
ansl> Source No.: 1 Activeddn

e Let’s fit the data to some Mool pomrlowds Source Wo.: 1 Mttt
simple models S o p—
— mode
— [press S —— N
defau '+ ™. Terrible fit!

— fit10¢ ¥ e b

ot I £

dels and Iclded tuodel

1

il T4
* Let’'splot ; - l_F
residuals © .! |
- f |_

— plot Ic

co.nis 5 ke

azrmol ze2C

of 10° ! A

Jrvund ke XY IT RN
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) S B RL B f,
Srcee elascape
.'

e 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 | | |
'! ] ¢ 3
| S o
| ”

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

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

Unfonded Soactram oM Spectram

f. -~ pee—y et -t - . -t ~d
: 4
' : f {
3 3 ;
3 2 } i
: g ;
4 »
| ) 4 |
1 - H |
3 3 el
- B PP-Y PRSP . — - -
o d 0 100 1900 T #
C 1 ey

s | ) et
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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
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Cawin vty
SV(# ‘:|Nf(ll'¥:

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

el gl o poserionds Sowrce e 1 NtleaDe
Model Model Compuorert Parwmeter Uit Vol
s
Oute prowg: 1
1 o e AN o 1SN
i 1 9= bete .1 oo IR R "
L - (o W et A N b I th
. 1 9o nore TAATI R & 1L%ae ever e Ieve eSe
s 3 poeriem Poleies I AR RS L & <
¢ i poserios o 16 0. o/ S
e e errors, ever!
7 1 e s pAIM -1
£ 1w e 1.0 -2
2 1 o= ten L W L -3
£ I ~— LA .t
i 1 powerion  Moleoes 2 -5
W I poseries  oew "o -4
Oote grog: )
pi) 1 o= oo L AR «1
1} 1 = et 2.1 -3
B 1 g tom e o w1 «3
K 1 = B e TAR W -1
71 powerios  Molnées 1m -5
i I periem  ew o -5
Deote prowg: 4
" 1w PR S .3
» 1 o= et 3. 100 -3
n 1 ew Y- [ W 1 )
n 1 o= nore AT R -4
o 4 poseriem Pudcies far -5
» 1 poserion o P -6
Fin stetimic @ C-Saetimic » 199,50 wing 4% WA bim

R cotet wnanistie (s only welid for Polssen done
Bockground file os met Polssen

PC-Snamintic « RE wrg B M vm

Rorming: pgatet stetiatic (s only wolid for Polason doto

IS T L Goodness of fit

Tonal Stetimtic - ANLT0 with S Segreen of frendoe
Tt saetistie ¢ O Saered « 2 g S
Redcnd N -wpred - SO for WA degrees o Freesom

AL hyportesis ot lity « 9. TS &

Seemorming: Owisguore sy ot b vl id A B0 Do with pere sorienoe
W et nster(s): §

otel Ter Satimnic » G B s S S o Tramis
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/‘ ’:-\'.1.:.:;_»‘;%1'(.[\:
 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 -9.193892 (-0.260579,0.290418)
Apparent non-manotonicity in statistic space detected.
Current bracket values -2.25746, -2.25356
and delta stat 2.09048, 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  ©0.0303333  (-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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e 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

I
s, erml What else?

1w _Ir 'f!
f' AGee  Elascape

Do this in time-resolved analysis
* 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



