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What are we qoing to do?

Analyze two different GRB:

Torinoe

GRBoO90S10

Equatorial coordinates (degrees)

353.401,-66.3239)

Equatorial coordinates (degrees)

(333.553,-26.5975)

Time range (MET)

270777602,278726401)

Time range (MET)

(263433602,263779201)

Time range (Gregorian)

Time range (Gregorian)

(2009-05-08 00:00:00,2009-05-11 23:59:59)

Energy range (MeV)

(
(
(2009-08-01 00:00:00,2009-10-31 23:59:59)
(50,500000)

Energy range (MeV)

(50,500000)

Search radius (degrees)

60

Search radius (degrees)

30

bj producing...

1) counks mMap

Declination

2 25 3

2) Light curve
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First of all, check your daka!

Open a terminal e
You are LA Your ‘HOME'!

eeeeeeeee

pwd

check the current path

“mkdir [folder name]

create a new folder

cd [folder "

go to another folder lS

:*

check the content of a folder

T — T ——
|

cp [path/files] [new path/.]

copy files from a folder to another folder

e ——

S pwd

S 1s

$ cd FERMI/data/
S 1s



Whats the data formak?

Torino events.fits Torino spacecraft.fits

recorded data spacecraft hystory
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+ fits files ave tables of data
+can be opened by v (fits view) or ds9

\| fv: Summery of B_ft1.fits in / = EAMUMASTERCLA salis ¢ L X ] SAOimage ds8
Mk Gl Tous el 2
e Celansion Type Dinmersin o g
Catelogs... = i 5 Value
R = imary imane [ wes
CONNAGL 1 HrA... " FVENTS [ 23 ol X BTS2 mws e vy Ty [ ey Phys cal X ¥
u? Gn Dy 2 cuks XGOS5 rows —J_j_J_J—J Imege X v
Display Davice Header | Hist | B0t | e | meect | r—a X 2000 o000 |
Vb Al Wenhnws e || @ v ame i — ale color sgion -
® @ ® 3\ bv: Binary Tevie of B_ATGts(1] in AUsers/michelunagra/Docunents/ FEAM /MASTEACLASS Anssi file adit e frame bin  gZoomyy =cole coles regon we help
|| e ol Tools ek - + | fit | 200m1/8 | zoom1/4 | zoom1/2  zoom1 | [Zoem2 | zoom4 | zoom 8
HERGY DEC ! B THETA
Wnaga Takla 1 SERES . - n .
Sehul C 4 3 C C
VRctnr Tahla
‘ " uny dny dey any
o || et xify Mty | Mty | Mudity |
L] 1 S2SESEESLI | U VS1VEUESLL | -3, S51QUSS5E4UL | 5. 32310UZ01 = L]
‘ 7 I S Cipbroard ? FSASZror| | & +03:29Ker 1 | -3 TRIZ0RKSNT | 5 TIWRWExeNI S I S
° res 3 SeVVEEESLL | U bUSTUZESLL | -3 UVEISSESUL | 5. od5KUEAUL °
Quit 4 TNEAEZeSC | B LI 3208ken1 | 5 TIIRTINGNN
3 VISESIEALL | U JeVeSUESLL | -3 SHAUTESUL | 5. J3R52KT UL
i ATIIEFR o O 2273001 | -3 RISSSOkeN] | 5 A2TRR0KN1
i 512 EdLD | ¥ ZVESIIEALL | 2 VSBUSLEWUL | 4. 4013E01
a TAGFECN o B OATS TR | =3 RONIETESNT | 4 ITANSIxN]
[ ) BQUELE Y ¥ oe¥IIUEILL | 2 BLVSLIENUL | 4,402 01
n FIEEED o0 | & 5O0TRENer] | -3 ANOOATKSN] | 4 AT Txenl
1 8 2 5VERLAEUL | 4. 221520001
1”2 [ =3 ANTASKeN1 | 4 v kel
13 8 WU1ZEL | 4 SUE UL
" EREECTIERIN B L TECTETN Axen ]
13 8 UISIUUEILL | 2 4ZUSISEWUL | 4. 4336001
6 e I 0 935012K+01 | =& 00000GES01 | 5. 2092555001
\ QQ:LEVE e | 1 8 BUSIIZEILL | 2 UBBULUEUL | 5. 153457401
18 T9ES10e-00 | 1 J0170CE=C2 | 0 SG019GES0L | =1 DG0709Ee01 | 5 M21318e01
14 3 Q4L4I4E Le | 1 DSI11VES 8 SISIVGENCL | 4. 1583BTEWU1 | 5. 32340001
20 JCCIECE-00 | 1 09953CE=CL | 0 <075668w01 | =022 7000Ee01 | 5. 4101505001
I ] /
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Select Ehe desired evenks

gtselect

Input FT1 file[] Torino events.fits
Output FT1 file[] #cmap gtselect.fits

GREB coordinates

RA for new search center (degrees) (0:360) 353. 401::::>

Dec for new search center (degrees) (-90: 90 -66.324

radius of new search region (degrees) (0:180) [INDEF]

start time (MET in s) (O:k;Ei:?;Eart_tlme

end time (MET in s) (0:) [‘iend time > MET = Misslon Elapsed Time
lower energy limit (MeV) (0:) [] 50 ——
upper energy limit (MeV) (0:) [] 500000

maximum zenith angle value (degrees) (0:180) [90] 100

Done. ’

1s
a new file should have been appeared:

#cmap gtselect.fits

Cosmic ray
$

ATT: each of You will have a different time range!



Translake a M

T inko a dake

https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/xTime/xTime.pl

read your
oate here

4TTP to HTTPS transition has taken piace.

N A\SA National Aeronautics

and Space Administration

s ) Goddard Space Flight Center

Sclences and Exploration

HEASARC Home Observatories Archive

Software

SIMBAD, else NED + [

NASA’s HEASARC: Tools

General Tools

Mission Tools

(cls il Search HEASARC website
[Advanced Search]
HEASARC Quick Links

Tools

HELP

xTime - ABate/Time Conversion Utility

Calendar Time Formats Input

ISO 8601 date (yyyy-MM-dd hh:mm:ss)

Output Time

Calendar date (yyyyMondd at hn:mm:ss)

Year and day number (yyyy:ddd:hh:mm:ss)

Julian Day (ddddddd.ddd...)

Modified Julian

Day (ddddd.ddd...)

Mission-Specific Time Formats Input Time [MET)

Ferml seconds since 2001.0 UTC (decimal)

Fermi missio

n week (Integer)

IGO/GPS seconds since 1980-01-06 UTC (decimal)

NuSTAR seconds sin

ce 2010.0 UTC (decimal)

RXTE seconds since 1994.0 UTC (decimal)

RXTE seconds since 1994.0 UTC (hexadecimal)

RXTE mission day number (dddd:hh:mm:ss)

RXTE decimal mission day (dddd.ddd...)

Suzaku seconds since 2000.0 UTC (decimal)

Swift seconds since 2001.0 UTC (decimal)

XMM/Chandra seconds since 1998.0 TT (decimal)

Input Time System for Calendar Formats:

Output Time System for Calendar Formats:

., Apply Clock Offset Correction(s) for RXTE and Swift

pu’c 3our
MET here


https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/xTime/xTime.pl

Create the Counts Map

gtbin

Counts Map
This is gtbin version ScienceTools-v10rOp5-fssc-20150819 -
Type of output file (CCUBE |CMAP|LC|PHAl|PHA2|HEALPIX) []
Event data file name[] #cmap gtselect.fits
Output file name[] #cmap gtbin.fits
Size of the X axis 1n pixels[] 240

Size of the Y axis in pixels[] 240
Image scale (in degrees/pixel)[] 0.5

Coordinate system (CEL - celestial, GAL -galactic) (CEL|GAL) [] CEL
First coordinate of image center in degrees (RA or galactic 1)[] 353.401
Second coordinate of image center in degrees (DEC or galactic b)[]-66.324

Rotation angle of image axis, 1in degrees[0] O
Projection method e.g. AIT|ARC|CAR|GLS|MER|NCP|SIN|STG|TAN:[] AIT

1s
a new file should have been appeared:

#cmap gtbin.fits




Leb’s balkke a look ko the resull!

ds9 #cmap gtbin.fits &

| NN % SAOImage ds8

File Edit View Frame Zoom Scale Color Region WCS Analysis Help

File Studentl_cmap.fits |

Object \

Value |

wes | | .

Physical X | Y ]

Image LY ]

Frame 1 X 1.000 | 0.000 |°

file edit view | frame ’ bin ‘ zoom ’ scale color ‘ region ‘ WwCs ‘ help l
open ‘ save ‘ header ‘ page setup ‘ print ‘ exit t

_———

R ———

1.4 2.8 4.2 5.6 7 8.4 9.8 11 13




Lebs balke o Llook bto the resull!

ds9 #cmap gtbin.fits &

O O %| SAOImage ds9
File Edit View Frame Zoom Scale Color Region WCS Analysis Help
! File Studentl cmap.fits |
' Object ]
Value
wcs | |
| Physical X | Y |
' Image X | Y |
Frame 1 X 1.867 | 0.000 |[®
file ‘ edit view ‘ frame ‘ bin ’ zoom scale color ’ region ’ WCS ’ help
- ‘ + ‘ to fit ‘ zoom 1/8 ’ zoom 1/4 ’ zoom 1/2 zoom 1 ‘ Zoom 2 ’ zoom 4 ‘ Zoom 8

13




Lebs balke o Llook bto the resull!

ds9 #cmap gtbin.fits &

O O % SAOImage ds9

File Edit View Frame Zoom Scale Color Region WCS Analysis Help

File Studentl_cmap.fits [ f

Object | !

Value ]

wcs y |

Physical X | Y |

Image X | Y |

Frame 1 X 1.867 | 0.000 |°

file edit view ’ frame ‘ bin ‘ zoom ‘ scale color region ‘ wCs ‘ help {
grey a b ‘ bb he i8 aips0 heat ‘ cool rainbow

——

—————

13




Lebs balke o Llook bto the resull!

ds9 #cmap gtbin.fits &

(] O %/ SAOImage ds9

File Edit View Frame Zoom Scale Color Region WCS Analysis | Help

File Studentl cmap.fits T T T T T T T T T T T T |
, Pixel Table... '

Object

Value v Mask Parameters...

wcs |

Physical X Y | Contours

Image X Y | Contour Parameters...

Frame 1 X 1.867 0.000 | Coordinate Grid

file ‘ edit view frame bin ‘ zZoom ‘ scale  Coordinate Grid Parameters... help

fkd ‘ fk5 icrs ‘ galactic eclipti — Iimal :

Smooth Parameters...

Name Resolution...

Image Servers
Archives
Catalogs

Catalog Tool...
Line Plot Tool...
Bar Plot Tool...
Scatter Plot Tool...

Virtual Observatory...
Web Browser...

Analysis Command Log

Load Analysis Commands...
Clear Analysis Commands

e e

8.4 9.8 11 13




Lebs balke o Llook bto the resull!

ds9 #cmap gtbin.fits &

O ® % SAOImage ds9
File Edit View Frame Zoom Scale‘ Color Region WCS Analysis Help
File Studentl cmap.fits ~ _L'_ “““““““ I
Object Lu:ear
Value Poaer
WCS‘ Square Root
Physical Squared
L 2 ASINH
Frame 1 SINH
file ‘ edit ‘ view ‘ frame  Histogram Equalization J color ‘ region ’ wes help
fkd ‘ fk5 icrs Log Exponent... ‘ degrees sexagesimal

Min Max

99.5%

99%

98%

97%

96%

95%

92.5% |
90% 1
ZScale
ZMax
User

Min Max
ZScale...

v Use DATASEC

Scale Parameters...

6.3




Lebs balke o Llook bto the resull!

ds9 #cmap gtbin.fits &

O O % SAOImage ds9
File | Edit View Frame Zoom Scale Color Region WCS Analysis Help
““““““““““ | I
Open... Control-O | i
Open as
Save... Control-S
Save as
|mp0rt - 0.000 ’o
Export ol _

Array room ’ scale ‘ color ’ region ’ WCS ‘ help
Save Image “ NRRD... ‘ ecliptic ‘ degrees ‘ sexagesimal t
Create Movie... _

Backup...
Restore...

Display Header...
Preserve During Load

XPA
SAMP

Open TCL Console...

Source TCL...

Page Setup... Shift-Control-P
Print... Control-P

Exit

Save your file as “#.png”
and copy 1t to the folder “"RISULTATI”

0.7 1.4 2.1 2.8 3.5 4.2 4.9 5.6 6.3 |




TASK 2

GRB Light Curve

Counts
W
o

100 200
Time {days)——m



Select the desired evenks

gtselect

Input FT1 file[] Torino events.fits
Output FT1 file[] #lc_gtselect.fits

RA for new search center (degrees) (0:360) [] 353.401
Dec for new search center (degrees) (-90:90) [] -66.324
radius of new search region (degrees) (0:180)
start time (MET in s) (0:) [] start time

end time (MET in s) (0:) [] end time

lower energy limit (MeV) (0:) [] 50

upper energy limit (MeVv) (0:) [] 500000

maximum zenith angle value (degrees) (0:180) [90] 100
Done. i

Cosmic ray
%

1s
a new file should have been appeared:

#lc gtselect.fits




Select the desired evenks

gtmktime

Spacecraft data file[] Torino_ spacecraft.fits

Filter expression] ]
(DATA QUAL==1) && ABS(ROCK_ANGLE)<90 && (LAT_ CONFIG==1) &&

(angsep (RA_ZENITH,DEC ZENITH,353.401,-66.324)+10<105) &&
(angsep(353.401,-66.324,RA_SUN,DEC_SUN)>10) &&(angsep(353.401,
-66.324,RA SCZ,DEC_SCZ)<180)

Apply ROI-based zenith angle cut[] yes

Event data file[] #lc gtselect.fits

Output event file name[] #lc_gtmktime.fits

1s
new files should have been appeared:

#lc gtselect.fits
#lc gtmktime.fits

L —



Create the Light Curve

gtbin

Type of output file (CCUBE|CMAP|LC|PHAl|PHA2 |HEALPIX) |

This is gtbin version ScienceTools—vlOr0p5—fssc—2015081@
Event data file name[] #lc gtmktime.fits

Output file name[] #lc_gtbin.fits Light Curve
Spacecraft data file name[] Torino spacecraft.fits
Algorithm for defining time bins (FILE|LIN|SNR) [] LIN

Start value for first time bin in MET[] start time
Stop value for last time bin in MET[] end_time
Width of linearly uniform time bins in seconds[] 10

1s
a new file should have been appeared:

#lc gtbin.fits




Create the Light Curve

gtexposure

Light curve file[] #lc_gtbin.fits
Spacecraft file[] Torino spacecraft.fits
Response functions[CALDB]

Source model XML file[none]

Photon index for spectral weighting[-2.1]

E)qsos ure map

* M= S
* not uniform

ATT: this step will not produce a new file, but
will modifg Your Light curve file!



Create the Light Curve

COUNTS > FLUX
[#] [#/(cm2s)]
fcalc
Name of FITS file and [ext#][] #lc gtbin.fits

Name of output FITS file[lc ftl flux.fits] #lc flux.fits
Resultant column name[] flux
Arithmetic expression[] counts/exposure

1s
new files should have been appeared:

#lc flux.fits




Lebs balee o look ko the resull!

fv lc_ftl flux.fits &

X fv ® ® O || fv: Summary of Ic_ft1_flux.fits in /Users/michelanegro/Documents/FERMI/MASTERCLASS/Analisi/
2::::?8 File Edit Tools Help
SkyView... Index Extension Type Dimension View | x| POW (Build 1.514)
3:; ::':gs"' mo Primary Image 0 Header I ; | I File Edit Colors Tools Zoom Replot Help
Connect to Hera... mi RATE Binary 6 cols X 25 rows Header | Hist [ Plot elect lc_ft1_flux....ux_1-25) 0
_ 4' : y —|4| Graph coordinates:
Display Device p- nz GTI Binary Z cols X 441 rows Header | Hist | Select { 3.11046e+08, 0.000813293 )
Physical pixel:
Hide All Windows (X,X)
File Summary - Im(ag);(e, r;:x)el.
Header d Pixel value:
Table 3 X()
Image Table -
Vector Table p- =
Preference o le ftl1_flux.fits(flux_1-253)
) o | | |
b pl 0.0008 L
Help
Quit
K )
ONONG® X/ Select Plot Columns 0.0006 N
RowNumber = Click on a column name then select the
ElementHumber corresponding plot axis or error bar
IME - -
AXis Column name or expression to plot
IMEDEL P P
COUNTS X ||[TIME Lo 00 B
ERROR S
EXPOSURE Y flux
ux i
X Error
0.0002 — —
Y Error
Rows: |
[ Use selected rows /
T T T
B Add my curve to current graph 3.11e+08 3.115e+08 3.12e+08 3.125¢+08
TIME (s) N
~ Plot | Clear | Close | Help [ J
] 1=




Lebs balee o look ko the resull!

X| fv

New File...
Open File...
SkyView...
Catalogs...
VizieR...

Connect to Hera...

©® ® ® x| fv: Summary of Ic_ft1_flux.fits in /Users/michelanegro/Documents/FERMI/MASTERCLASS/Analisi/

File Edit Tools Help

Display Device

Hide All Windows
File Summary
Header

Table

Image Table
Vector Table

Preference

Cliphoard

Help
Quit

Index Extension Type Dimension View
— fulLze A U Header Image Table
1 RATE Binary 6 cols X 25 rows Header | Hist | ot | An ‘m
m2 GTI Binary 2 cols X 441 rows e’ |

Header | Hist | Plot All ‘!ect

‘200 '\| fv: Table Info of Ic_ft1_flux....

File Edit Tools Help

‘200 |X| fv: Binary Table of Ic_ft1_flux.fits[1] in /Use...

Total Columns: 6
Total Rows :25

Selected columns for display

¥ TIME

M TIMEDEL
M COUNTS

M ERROR

B EXPOSURE
¥ flux

(isplay Table

Select All |

Clear All |

Cancel |

Help |

B TIME B flux
Select D 1D
Al s
Invert Modify Modify
1 3.110745620000E+08 | 1.235188939082E-04 =
2 3.111436820000E+08 | 8.627465190335E-05
3 3.112128020000E+08 | 9.751045294524E-05
4 3.112819220000E+08 | 1.126032132618E-04
5 3.113510420000E+08 | 1.129097067941E-04
6 3.114201620000E+08 | 1.142211897733E-04
7 3.114892820000E+08 | 1.450715232149E-04
8 3.115584020000E+08 | 1.346384806999E-04
9 3.116275220000E+08 | 2.817589541338E-04
10 ’ 3.116966420000E+08 | 6.550556198341E-04
1 I 3.117657620000E+08 | 7.285520564455E-04
12/ 3.118348820000E+08 | 6.767672999415E-04
11 3.119040020000E+08 | 7.786734770285E-04
I[I 3.119731220000E+08 | 6.278482980415E-04
ls 3.120422420000E+08 | 3.320775861810E-04
IIB 3.121113620000E+08 | 2.776096490002E-04
I 17 3.121804820000E+08 | 2.584299475862E-04 |
18 3.122496020000E+08 | 2.477938259210E-04
19 3.123187220000E+08 | 2.708319778510E-04
20 3.123878420000E+08 | 1.986895384504E-04

]
Goto: | Editcel:
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Falkee and share daka

‘200 |X| fv: Binary Table of Ic_ft1_flux.fits[1] in /Use...

= Flle...\ o0 . |X| fv: Summary of Ic_ft1_flux.fits in /Users/michelanegro/Documents/FERMI/MASTERCLASS/Analisi/ . SCLCOt DV\:L5 TIME o TIME o flux 3
Open File... File Edit Tools Help D 1D
SkyViews... Index Extension Type Dimension View colummn s |
= Modify Modify
S::I:':gs mo Primary Image 0 Header | Image | Table . ® @ © [ fv: Table Info of lo_ft1_fiux.... 5 5 3\110745620000E+08 _:
Connect to Hera... RATE Binary 6 cols X 25 rows Header I Hist | Plot T G T 2 3<¥¥1 436820000E+08
;i : GTI Binary 2 cols X 441 rows I i Total R 125 3 3.132128020000E+08
sy el i Header | Hist | Aot Selected column: for :i‘:;:ay 4 3.11819220000E+08
Hide All Windows ™ TIME S 3. 113‘1@0420000}:4-08
File Summary > = 6 3.1142§1620000E+08
Header - :Z::JUENI:.E; ’ 7 3.114893820000E+08
Table > 8 3. 115534QUUUUE+IJB
iageplatis - : E)l::::uns [ Select Al | 9 3.116275230000E+08
Vector Table - o flux Clear All 10 AL 11696642WUUE+03
Preference 11 3 117657620WOE~08
Caneat 12 | 3.11834882000§E+08
CQlipboard 13 3.119040020000+08
e w 14 3. 119731220000E\DB
Help 15 3.120422420000E+Y8
Quit 16 3.121113620000E+
17 3.121804820000E+08 |
18 3.122496020000E+08
19 3.123187220000E+08
20 3.123878420000E+08
= \ =i press:
Goto: || Edit cel: | + File
+ Export as Text...
type on terminal: ) r . .
meore Lo et flux tL.txt 'Y Y ) IX| fv: File Dialog ® ® © x| fv: Binary Table of Ic_ft1_flux.fits[1] in /Use...
more lc ftl flux tl.txt Analisi/ — | t File | Edit Tools Help
ress: T IME Name | size | Mod Save E B flux
‘ ’ .1 (dir) /] Export HDU...
+ Copy TIME’ colummn s B_ft1.fits 17M  Mar 24, 2017 Export as Text LY
+ go to the @DD@LC S:EYCHD!S[’ICCt 3.110745620000E+08 B_ft1_cmap.fits 1114k  Mon 13:33 P
L t th , ht LL 3.111436820000E408 B_f“ _lc_binl fits 68k Mon 13:53 Close AIt+W Modify
+ selec ert ce B_ft1_Ic_bin5.fits 31k Today 14:21 -
9 3.112128020000E+08 B_ft1_o-gthin.fits 948k  Mon 11:40
+ Paste 3.112819220000E+08 B_ft1_o-gthin2.fits 141k Mon 11:54 1 3.110745620000E+08 —
3.113510420000E+08 B_ft1_o-gtmktime.fits 134  Mon 11:18
3.114201620000E+08 B_ft1_o-gtmktime_cmap.fits 13M Mon 14:12 £ £ A AN T Tt
: B_ft1_o-gtmktime_Ic.fits 3552k Mon 14:30 3 3.112128020000E+08
3.114892820000E+08 B_ft1_o-gtselet.fits 13M  Mon 14:03
Chtg: 4 3.112819220000E+08
3.115584020000E+08 B_ft1_o-gtselet_cmap.fits 13M  Mon 14:11 : E+
3.116275220000E+08 B_ft1_o-gtselet lc.fits 3603k  Mon 14:29 5 3.113510420000E+08
3 116966420000E408 B_ft2-30s.fits 141M  Mar 24, 2017
. ntervalD_rate_error.fits 177k Sun 16:47
3.117657620000E+08 c_ft1_flux.fits 31k Mon 14:39
3.118348820000E+08 XX} . fv: Export to fle options celect:
3119040020000E+08 — Rows: Columns: , , :
3.119731220000E+08 press: o om ‘Fixed width Column’
3.120422420000E+08 File Name ||c_ft1 _flux_t1.txt Save + Save &/ Sulection ¥ Setection
3.121113620000E+08 Flleoftype" Cancel M Print. Row Hambers
3.121804820000E+08 L L — ot Format
a elp & Fixed Wadth Columns
t m sted 1 3.122496020000E+08 e R | e | (3
?P?L from step 3.123187220000E+08 ® List FITS files only et soaior Gpaty bl
or ‘Tlux’ column 3.123878420000E+08 »
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