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O Fermi Gamma-Ray Space Telescope (Fermi)
» GBM (8 keV — 50 MeV) - prompt emission (236 per
year)

» LAT (GeV) - High-energy emission

O The Neil Gehrels Swift Observatory (Swift) TR /R 25 WERE B (keV) W7 TR R FAR 2

> BAT (15— 350 keV) = prompt emission (92 per year)  SwiftBAT AL 15-150 l4st ~03photonscm™s™  ~92

» XRT (0.3 — 10 keV) = X-ray afterglow SWftyXRT — HAFEEHEM4  02-10  23.6'x236 ~2x10™ergem™s™

» UVOT (Ultraviolet and Optical) - afterglow ooy PG 81000 s~ 0 photonsen s ~236

HRBMAmIE  150-40000

O Hard X-ray Modulation Telescope (Insight-HXMT) HXMT/HE LSk 2003000 5757  ~6x10%ergem™?s™  ~80

» HE (20 — 350 keV; 80 per year) GECAM/GRD  REJGHLfEIE  6-6000 4rst ~2x10%ergem2s ~ 100

» ME (8 - 35 keV) EP/WXT JeuR AR Sk 0.5-4 1.1sr ~ 10" ergem™ 57! ~ 30

> LE (1 —12 keV) EP/FXT HL i # B 2R 0.3-10 1°x1° ~ 10" ergem2 57!
SVOM/GRM  Tifbah s ik 15-5000 2.6 st - ~ 100

O Gravitational wave high-energy Electromagnetic SVOM/ECLAIRS rus g 4-150 2.0 st - ~ 70

Counterpart All-sky Monitor (GECAM)
» B+C +D (6keV —-5MeV,; > 70 per year)
O Einstein Probe (EP)

> WXT (0.5-4.0 keV) + FXT (0.5-10 keV)



Part 1. gamma-ray data analysis
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Gamma-ray data (e.g. Fermi/GBM

Gamma-ray: Fermi/GBM daily data

C m =

heasarc.gsfc.nasa.gov/FTP/fermi/data/gbm/daily/2024/02/19/current/

Index of /FTP/fermi/data/gbm/daily/2024/02/19/current

75°

Name Last modified Size Description 15° e
3 Parent Directory - . 330° 300° 240° 210° 180° 150° 120°
@ glg_cspec b@ 240219 ve@.pha 19-Feb-2024 20:57 5.1M 0
@ glg_cspec_bl 240219 v00.pha 19-Feb-2024 20:58 5.1M )
@ glg_cspec_n@ 240219 v@0.pha 19-Feb-2024 20:58 5.1M -15°
@ glg_cspec_nl 240219 v@0.pha 19-Feb-2024 20:58 5.1M x
@ glg_cspec_n2 240219 v@0.pha 19-Feb-2024 20:58 5.1M -30°
@ glg_cspec_n3 240219 v00.pha 19-Feb-2024 20:58 5.1M
@ glg_cspec_n4_240219_v@@.pha 19-Feb-2024 20:58 5.1M
@ glg_cspec_n5 240219 v@0.pha 19-Feb-2024 20:58 5.1M
@ glg_cspec n6 246219 v@0.pha 19-Feb-2024 20:58 5.1M
@ glg_cspec_n7 240219 v00.pha 19-Feb-2024 20:58 5.1M -75°
@ glg_cspec_n8_ 240219 v00.pha 19-Feb-2024 20:58 5.1M
@ glg_cspec n9 240219 v0@.pha 19-Feb-2024 20:58 5.1M .
@ glg_cspec_na_240219 v@0.pha 19-Feb-2024 20:58 5.1M ID Name DeSCI’IptIOI‘I
[B) q1¢_csec_ub 260219 voo.pha 19-Feb-2024 20:58 5.1M GS- | CTIME (daily version) | The counts accumulated every 0.256 seconds in 8 energy channels for each of the 14 detectors.
[ g1 ctine bo 240215 voo.pha 19-Feb-2024 20:58  11M 001
@ glg_ctime bl 240219 v00.pha 19-Feb-2024 20:58 11M
] ole ctime n@ 240219 vaa.oha 19-Feb-2024 20:50  11M GS- | CSPEC (daily The counts accumulated every 8.192 seconds in 128 energy channels for each of the 14
@ glg_ctime nl 240219 v00.pha 19-Feb-2024 20:59 11M 002 Version) detectors.
B g0 cuine 12 260219 voo.ona 19-Feb-2024 20:59  11M GS- | TTE (continuous Event data for each detector with a time precise to 2 microseconds, in 128 energy channels. The
[ ¢16 _ctine n3 240219 vao.pha 19-Feb-2024 2¢:59  11M 003 | version) downlink schedule determines how many data files are produced each day. These files are being
@ glg_ctime n4 240219 v@0.pha 19-Feb-2024 20:59  11M replaced by the GS-013 hourly TTE files.
@ glg_ctime_n5_240219_v00.pha 19-Feb-2024 20:59  11M
@ ol ctime nG 260219 vae.pha ST TP GS- | GBM gain and energy | History of the detector gains and energy resolutions; required for calculating Detector Response
@ glg_ctime_n7_240219_v@@.pha 19-Feb-2024 20:59  11M 005 resolution history Matrices (DRMs).
B ¢1g ctine ns 260219 vao.pha 19-Feb-2024 20:59  11M GS- | Fermi position and History of Fermi's position and attitude, required for calculating DRMs.
@ g1 ctine no 240219 veo.pha 19-Feb-2024 21:00  11M 006 attitude history
@ glg_ctime na 240219 v00.pha 19-Feb-2024 21:00 11M
@ ole ctime nb 240219 ved.oha 19-Feb-2024 21:00  11M GS- | TTE (hourly version) Time tagged events for each detector which occurred during the hour (including up to the last 120
[P ale noshist all 240219 voo.fit 19-Feb-2024 21:05 8.8M 013 seconds of events from the previous hour) with a time precise to 2 microseconds, in 128 energy
@ glg_spechist b@ 240219 v@o.fit 19-Feb-2024 21:00 14K RLEE.
@ glg_spechist bl 240219 v00.fit 19-Feb-2024 21:00 14K




Gamma-ray: Fermi/GBM event data
Table Browser for 2: glg_tte_n5_240219_19z_v00.fit.gz-2
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Gamma-ray data analysis (e.g. Fermi/GBM) — light curve
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Gamma-ray data analysis (e.g. Fermi/GBM) — background
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Gamma-ray data analysis (e.g. Fermi/GBM) — background

Algorithm 2: BFLIE S RA AR EHE
| —— Light curve _ 2000 —— Net light curve L 60

Input: SHZME AT) = (T, R)) - —— Baseline ] | —— Bayesian block SNR
Output: 733 H {5 5B % S(T) M RAEHL B(T) 2500 — Polynomial ] b 3.00 5o
/* EESFE */ i 1 1500k
18| DRPLS Bk HEATHAHTIE, BRI ST (T, R0} I ] I - 40
/% etk */ L 2ooor 1. | .
R DU SEAERT (T, R} HET BI3D5MBL, AREI5 BUASR (T, ) 0 5 10007 30Z
/* BHHITHE */ 1500} I 50
for 414~ A #H 1 3% [T, T, ] do i =00l |
RN FX R REE TR Cp = Lo, 1, Rt _ : 10
HAEN K F AT Cope = Sremr,.) Rucdt 1000 : (. |l
i+ﬁ%%ﬂ%f¢sk=zlog$% OWWUWWWO
if S, > S, then -100 0 Tli?x?e 200 300 —-100 0 Tlig?e 200 300
PRI U S S X (TS, TS, ]
PRI RR AR S (T RD)nerm, .. woof | — Lgmeaved  T9F o Netightouve |25
end Ls00f —— Baseline GDEIE- —— Bayesian block SNR
else —— Polynomial 3 E ----- 3.00 L 20
FRic iz W T R R IX ) (T8, T2 ] 1400 F ] 500f
BT R R N B (TP R re, 7, 1300F 100} F15
end © ® : .
end 5 1200¢ 5 0 10 2
/% BWABA */ 1100f 2004
HIEE m NS TR £, 5) = S By IAT YR (17, RD) 1000F 0ok ] °
KRR INALR N ek R L AT B f R D7 2256 Cov(d) 500 o ' "
L E R B(T) = (T, f(T,, f)}
HEBAESIEE (5A) ML S(T) = AT) - B(T) B0OF . l l 7] ~1oo -5

i 1 i i i L L L L L " L
return S(T), B(T) =20 0 20 40

Time Time



Gamma-ray data analysis (e.g. Fermi/GBM) — duration

Algorithm 3: ¥FEERT[H T,, KitHE &%

Input: FOEEEMLL AT) = (T}, R)}, SHFREEHIRE N

Output: Ty, B H 7z TEH

/* AFESIRAEE RS */
R FRAEMLE B(T) = (T, RY)) MESERM#L ST) = (T, R)))
e S X (T} A R X I (T7)

/* HH Ty */
R T RRAEMLL: F(T) = Xy o STHAL

THH 0% WRACT: Fo = (FI))reirs), 1<t

T 100% WRAKF: Foo = (FT))1er?), 11,4

HWH n% WEKF: F,=n%Fo - Fy) + F,

HASE t5 M tos 1E13: F(ts) = Fs» Fltgs) = Fos

W Too: Tog =195 15

/* R R B */
for j=1 2% N do

1 PR ERA BEATLRE 2 AL S e AR T 2% AS(T)) ~ 2(A(T))

1 o 27 B PO 15 8 008 B 2
BSN(T) ~ N(B(T), 63(T))

WAL SS™T,) = AS™(T) - BY™(T))

TR 2k ) T

end
W T™ M 1o BAZ X I [Top jows Too pigh]

return Ty, [Toq 1ow» Too nigh]
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Gamma-ray data analysis (e.g. Fermi/GBM) — spectrum
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Gamma-ray data analysis (e.g. Fermi/GBM) —spectrum

Algorithm 4: Il B 5F 285 R AR VAR

Input: Yo FFHHEFE (¢, p)), BEVIFA (T,T,]

Output: 158 {(1, C}B,O'c;?)}

FeHUENAE M ZR A(T) = {(T}, R)}

RIFME S IRAEE S AEE, FEEs XE (1) M RXE (T5)

for —/NfbiE I € {1,2,..., N} do
RBOCTHEMHFIER (4 p) | by =1}

RBOCEEE A;(T) = (T, 1, R, )}

1 2 A SUXIA) (T8} Wi A (T)

PRI RO G105 TR B, (0) KHRE 0, (1)
HHERETE: CP = [ B0t
HHERETRINGIRE: ocn = [17 05,0t

end

return {(/, Cf, ac}a)}
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Part 2: X-ray data analysis
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X-ray data (e.g. EP-WXT)

X-ray: EP-WXT

>  ep06800000023wxtCMOS19123v7

oo
oo

Name

ep06800000023wxt19.cat
ep06800000023wxt19.exp
ep06800000023wxt19.expcorr
ep06800000023wxt19.img
ep06800000023wxt19.mkf

- ep06800000023wxt19.prefilter

- [0 [o? o7

(G

ep06800000023wxt19.rmf
ep06800000023wxt19arm.reg
ep06800000023wxt19detection.pdf
ep06800000023wxt19img.gif
ep06800000023wxt19po_cl.evt
ep06800000023wxt19po_clgti.fits
ep06800000023wxt19po_ufbp.fits
ep06800000023wxt19po_ufhp.fits
ep06800000023wxt19rawinstr.exp.gz

- ep06800000023wxt19s1.arf
- ep06800000023wxt19sl.lc

ep06800000023wxt19s1.pha
ep06800000023wxt19s1bk.lc
ep06800000023wxt19s1bk.pha
ep06800000023wxt19s1bk.reg
ep06800000023wxt19silc.gif
ep06800000023wxt19s1ph.gif
ep06800000023wxt19s2.arf

- ep06800000023wxt19s2.1c
- ep06800000023wxt19s2.pha

ep06800000023wxt19s2.reg

ep[obsID]wxt[number][pp]_cl.evt

ep[obsID]Jwxt[number].mkf

ep[obsIDjwxt[number].img

ep[obsID]wxt[number].exp

ep[obsID]wxt[number].expcorr

ep[obsID]jwxt[number].cat

ep[obsID]wxt[number]arm.reg

ep[obsID]wxt[number]s[sourcelD].Ic

ep[obsID]wxt[number]s[sourcelD]bk.Ic

ep[obsIDjwxt[number]s[sourcelD].pha

ep[obsID]wxt[number]s[sourcelD]bk.pha

ep[obsID]wxt[number]s[sourcelD].arf

ep[obsID]wxt[number].rmf

event file
make filter file
image
exposure map
corrected exposure map
source catalog
arm region file
source light curve
background light curve
source spectrum
background spectrum
ancillary response file

response matrix




X-ray data (e.g. EP-WXT

X-ray. EP-WXT clean event data

Table Browser for 4: ep0170904457 1lwxt16po_cl.evt

TIME RAWX RAWY Amp PHA STATUS DETX DETY X Y GRADE Pl
1 1.472808E8 905 1628 1033 (false, false, false, false, false, false, false, false, f... 850 1654 6184 4562 711
2 1.472808E8 2207 3079 102 (false, false, false, false, false, false, false, false, f... 2138 3096 4277 4242 70
3 1.472808E8 3483 754 572 (false, false, false, false, false, false, false, false, f... 3408 772 4739 6849 393
4 1.472808E8 3261 1115 779 (false, false, false, false, false, false, false, false, f... 3188 1137 4683 6427 536
5 1.472808E8 1878 1792 660 (false, false, false, false, false, false, false, false, f... 1821 1816 5325 5042 454
6 1.472808E8 3294 2727 139 (false, false, false, false, false, false, false, false, f... 3219 2741 3656 5195 95 N
7 1.472808E8 1882 2768 121 (false, false, false, false, false, false, false, false, f... 1817 2788 4720 4281 83 X 1 5
8 1.472808E8 1425 46 227 (false, false, false, false, false, false, false, false, f... 1371 79 6762 6116 156 {ﬁﬁ %ij $‘1f—‘L ﬁﬁ
9 1.472808E8 232 150 759 (false, false, false, false, false, false, false, false, f... 184 195 7616 5284 522
10 1.472808E8 776 2167 1452 (false, false, false, false, false, false, false, false, f.. 716 2188 5955 4061

11 1.472808E8 1266 1388
12 1.472808E8 1152 2046
13 1.472808E8 2209 2278
14 1.472808E8 827 2524
15 1.472808E8 1328 3734
16 1.472808E8 3773 1533
17 1.472808E8 1746 1033
18 1.472808E8 3802 415
19 1.472808E8 3159 3100
20 1.472808E8 2186 4065
21 1.472808E8 3003 934
22 1.472808E8 1379 864
23 1.472808E8 1509 1176
24 1.472808E8 2170 3334
25 1.472808E8 1930 873

"5 TIME 87 s p s i 4G DEbeN R L]

65 X 2 FHERE  pixel FEFAERFRBARZR ) X ARAR

50 Y 2 FHREEL  pixel JTAERIRBIRR T Y 845

81 RAWX 2 FHEH  pixel JFIERMIRMEFLIRR I X PR CREMEALHT
66 RAWY 27 BH  pixel JGT/ERMGIRMIBZLIRRTHY Bhr CREMEALED

140 (false, false, false, false, false, false, false, false, f... 1214 1417 6048 4974
484 (false, false, false, false, false, false, false, false, f... 1095 2068 5734 43092
359 (false, false, false, false, false, false, false, false, f... 2146 2300 4769 4868
95 (false, false, false, false, false, false, false, false, f... 767 2544 5692 3815
157 (false, false, false, false, false, false, false, false, f... 1266 3755 4545 3182
835 (false, false, false, false, false, false, false, false, f... 3697 1554 4025 6420
74 (false, false, false, false, false, false, false, false, f... 1698 1061 5899 5550
652 (false, false, false, false, false, false, false, false, f... 3724 429 4707 7315
185 (false, false, false, false, false, false, false, false, f... 3083 3111 3530 4821
118 (false, false, false, false, false, false, false, false, f... 2118 4085 3674 3457
1401 (false, false, false, false, false, false, false, false, f... 2935 958 4992 6409
1396 (false, false, false, false, false, false, false, false, f... 1327 896 6286 5451
971 (false, false, false, false, false, false, false, false, f... 1455 1206 5992 5290
831 (false, false, false, false, false, false, false, false, f... 2182 3352 4145 4020
200 (false, false, false, false, false, false, false, false, f... 1873 9201 5856 5789

=

- y . N 5 — —
26 1.472808E8 2656 1272 148 (false, false, false, false, false, false, false, false, f... 2594 1296 5047 5932 102 J Y | A Al
27 1.472808E8 1881 3019 1394 (false, false, false, false, false, false, false, false, f... 1021 3036 5186 3590 959 DETX 2 ? —Ij %ﬁ plxel jﬁ?&% r%%ﬁﬂj%%%*m/% EF' Hﬁ X :lé*iﬁ
28 1.472808E8 928 973 521 (false, false, false, false, false, false, false, false, f... 879 1011 6563 5081 358
29 1.472808E8 701 3151 57 (false, false, false, false, false, false, false, false, f... 645 3166 5398 3253

3 DETY  27¥3  pixel T ELAMEALERN 254048 R Y 284K

30 1.472808E8 3089 2403
31 1.472808E8 2467 2724

70 (false, false, false, false, false, false, false, false, f... 3018 2421 4013 5319
1042 (false, false, false, false, false, false, false, false, f... 2398 2741 4296 4681

32 1.472808E8 2499 2693 335 (false, false, false, false, false, false, false, false, f... 2430 2710 4291 4726 230 e 3 yih = S =
33 1.472808E8 409 3037 537 (false, false, false, false, false, false, false, false, f... 357 3958 5128 2455 369 PHA 4 ? H %ﬁ - Hﬂ(ﬁ:lj =] gﬁjﬂ?gﬁﬁjﬁgﬁ =2
34 1.472808E8 378 3815 390 (false, false, false, false, false, false, false, false, f... 326 3835 5229 2532 268

35 1.472808E8 70 3293 466 (false, false, false, false, false, false, false, false, f... 17 3309 5799 2749 320 —H . N AR > T

36 1.472808E8 772 3292 311 (false, false, false, false, false, false, false, false, f... 716 3308 5254 3187 214 PI 4 ? —Ij %ﬁ = ERFZQEIEJE%?

37 1.472808E8 1155 2501
38 1.472808E8 1601 775
39 1.472808E8 2168 2894
40 1.472808E8 3863 186
41 1.472808E8 1852 3146
42 1.472808E8 1620 2838
43 1.472808E8 1696 387

285 (false, false, false, false, false, false, false, false, f... 1095 2522 5450 4037
728 (false, false, false, false, false, false, false, false, f... 1545 804 6173 5659
185 (false, false, false, false, false, false, false, false, f... 2100 2912 4422 4362
143 (false, false, false, false, false, false, false, false, f... 3784 199 4804 7532
588 (false, false, false, false, false, false, false, false, f... 1785 3165 4509 3967

73 (false, false, false, false, false, false, false, false, f... 1556 2858 4880 4063
229 (false, false, false, false, false, false, false, false, f... 1638 416 6343 6020

g GRADE 2 Fi#¥ - HTFFHRIER
i STATUS 16 kAl - HoF I i E AR &

157

=

44 1.472808E8 2575 621

45 1.472808E8 2542 843

46 1.472808E8 3032 3550

47 1.472808E8 1528 2358

48 1.472808E8 3475 2195

49 1.472808E8 1188 3364
Total: 136,909 Visible: 136,909 Selected: 0

104 (false, false, false, false, false, false, false, false, f... 2513 649 5515 6386
1104  (false, false, false, false, false, false, false, false, f... 2482 871 5400 6193
691 (false, false, false, false, false, false, false, false, f... 2954 3564 3347 4387
369 (false, false, false, false, false, false, false, false, f... 1467 2380 5248 4381
550 (false, false, false, false, false, false, false, false, f... 3402 2216 3841 5719
142 (false, false, false, false, false, false, false, false, f... 1128 3383 4886 3386

759
475
253
378

97

RPHRRRRRERRRRRERRRRERRERRRERRRRERERRRRRRRRBRRRRERERRRERRRERRRERERR BB
SOONNASIITLAINVVLIWILASIIRIHFINWWNNOIUVIOSIIRNSL,ARAPWADOING &AW
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w
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Use ds9 to set source and background regions

Source region:
circle (radius: 67 pix)

Background region:
annulus (radius: 134-268 pix)




Use xselcet software of heasoft

> Enter session name > xsel

xsel:SUZAKU > read events

> Enter the Event file dir > ./

> Enter Event file list > epl3600003859wxt44po_cl.evt

Got new mission: EP

> Reset the mission ? > yes

xsel:EP-WXT-PHOTON > filter region epl3600003859wxt44s2.reg
xsel:EP-WXT-PHOTON > extract events

xsel:EP-WXT-PHOTON > save events src.evt

> Use filtered events as 1nput data file ? > no
xsel:EP-WXT-PHOTON > clear events

xsel:EP-WXT-PHOTON > clear region

xsel:EP-WXT-PHOTON > filter region epl3600003859wxt44s2bk.reg
xsel:EP-WXT-PHOTON > extract events

xsel:EP-WXT-PHOTON > save events bkg.evt

> Use filtered events as 1nput data file ? > no
xsel:EP-WXT-PHOTON > clear events

xsel:EP-WXT-PHOTON > clear region



Use xselcet software of heasoft

> Enter session name > xsel

xsel:SUZAKU > read events

> Enter the Event file dir > ./

> Enter Event file list > epl3600003859wxt44po_cl.evt

Got new mission: EP

> Reset the mission ? > yes

xsel:EP-WXT-PHOTON > filter time scc

> Enter 1list of start and stop times > 130486902.0, 130487062.0
> Enter list of start and stop times > x

xsel:EP-WXT-PHOTON > filter region epl3600003859wxt44s2.reg
xsel:EP-WXT-PHOTON extract curve

xsel:EP-WXT-PHOTON save curve src.lc

xsel:EP-WXT-PHOTON extract spectrum

xsel:EP-WXT-PHOTON save spectrum src.pil
xsel:EP-WXT-PHOTON clear region

xsel:EP-WXT-PHOTON filter region epl3600003859wxt44s2bk.reg
xsel:EP-WXT-PHOTON extract curve

xsel:EP-WXT-PHOTON save curve bkg.lc

xsel:EP-WXT-PHOTON extract spectrum

xsel:EP-WXT-PHOTON save spectrum bkg.pi
xsel:EP-WXT-PHOTON clear region

V VVV YV VYV VYVYVYV
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second (binsize
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X-ray data (e.g. EP-WXT) — extract curve and spectrum
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Part 3. heapy

https://github.com/jyangch/heapy
A unified toolkit for timing and spectral analysis of X-ray
and gamma-ray transient data

Other options: heasoft, gom data tools, gamma-ray data tools, threeml
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v @ heapy

v wm auto

e _ init__.py
e baseline.py
e polybase.py
e polynomial.py
e ppsignal.py

v @@ data

e _ init__.py
@ filefinder.py
e retrieve.py

> Ml docs/psf_model
~ @ geos

e _ init__.py
e geometry.py
e location.py

~ @ pipe

e __init__.py
e batpipe.py
e event.py
e filter.py

e image.py

v @ temp

e __init__.py
e lag.py
@ txx.py

v gk util

e _ init__.py

e data.py

e file.py

e significance.py
e time.py

polybase.py: for the case of Gaussian background (e.g. Fermi/GBM)
bayesian block, SNR calculation, signal identification, background modelling

ppsignal.py: for the case of Poisson background (e.g. EP-WXT)
bayesian block, SNR calculation, signal identification

Retrieve in local — Retrieve in ftp server——— Download —
yes |

» Event/Image

geometry.py: spacecraft location in orbit and detector pointing information (only GBM)
location.py: localizing the real source (only GBM, not public)

Extract light curve, spectrum, and response

batpipe.py: Swift/BAT pipeline implemented through calling heasoft commands

event.py: analysis pipeline for event list data (time+energy, e.g. Fermi/GBM, GECAM)
image.py: analysis pipeline for image data (time+energy+space, e.g. EP-WXT, Swift/XRT)

Temporal analysis for GRB X-ray and gamma-ray data
duration calculation, lag calculation

Some useful functions

time conversion, significance calculation Spectral fit <- BaySpec



heapy installation: pip3 install heapyx

HEASoft

Heapy will invoke certain software and commands from HEASoft, such as xselect and ximage . Please ensure
that HEASoft is correctly installed on your system, and that the Calibration Database (CALDB) for the mission
(e.g., Swift ) you are processing is also properly installed.

Fermi GBM Data Tools

Heapy obtains the orbital location and pointing information of Fermi by invoking gbm_data_tools . Therefore, if
you require this functionality, please ensure that gbm_data_tools is correctly installed in advance.

If you are using macOS with an Apple silicon chip, you may encounter difficulties compiling older versions of
matplotlib (e.g., <= 3.2.1) when installing gbm_data_tools . One possible workaround is to first install a newer
version of matplotlib (for example, version 3.8.4) and then install gbm_data_tools without performing
dependency checks, using the following command:

Fermi GBM Response Generator

$ pip3 install matplotlib==3.8.4
$ pip3 install —no-deps <path_to_tar>/gbm_data_tools-1.1.1.tar  Heapy generates the response matrix files for Fermi GBM by invoking gbm_drm_gen . It is recommended to install

my forked Python packages, which have been fine-tuned to resolve compatibility issues with newer versions of
numpy and astropy , and to use TTE data instead of CSPEC data. The specific installation procedure is as
follows:

$ git clone https://github.com/jyangch/responsum.git =
$ pip3 install ./responsum

$ git clone https://github.com/jyangch/gbmgeometry.git
$ pip3 install ./gbmgeometry

$ git clone https://github.com/jyangch/gbm_drm_gen.git
$ pip3 install ./gbm_drm_gen



from heapy.data.retrieve import epRetrieve
2 from heapy.pipe.image import epImage

[1] v/ 09s

= '/Users/junyang/Data/ep/WXT'
= epRetrieve.from_wxtobs('ep13600003859wxtCM0S44123v2"', 's2',
3

[2] v 0.0s

{'satelite': 'WXT',
'obsid': 'epl3600003859wxtCMOS44123v2",
'srcid': 's2',
'evt': '/Users/junyang/Data/ep/WXT/epl3600003859wxtCMOS44123v2/epl13600003859wxt44po_cl.evt',
'rmf': '/Users/junyang/Data/ep/WXT/epl3600003859wxtCMOS44123v2/epl13600003859wxtss . rmf',

'arf': '/Users/junyang/Data/ep/WXT/epl13600003859wxtCMOS44123v2/epl13600003859wxtLas2. arf’,
'armreg': '/Users/junyang/Data/ep/WXT/epl3600003859wxtCM0OS44123v2/epl13600003859wxt4starm.reg’,

reg': '/Users/junyang/Data/ep/WXT/epl3600003859wxtCM0S44123v2/ep13600003859wxt44s2. reg’,
'bkreg': '/Users/junyang/Data/ep/WXT/ep13600003859wxtCM0S44123v2/ep13600003859wxts4s2bk.reg'}

= epImage.from_wxtobs('epl13600003859wxtCMOS44123v2"', 's2',

. = '2024-02-19T06:21:42"
.filter_time([-200, 300])
.filter_pi([50, 400])




1 wxt_event.extract_image(savepath="'./image', show=True)

[5] v/ 15s




.extract_curve( =',/curve',

src counts rate
bkg counts rate
net counts rate

25s)
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.calculate_txx( . ='./curve/t90"')

1d#  Txx Txx- TXX+ Txx1 TXxx2

134.083 6.978 7.975 11.845 145.928

.extract_spectrum( ='./spectrum')
.extract_response( ='./spectrum')




.data import msg_format

.time import fermi_utc_to_met
.retrieve import gbmRetrieve
.geometry import gbmGeometry
.event import gbmTTE

= '2024-02-19T06:21:42"'
= fermi_utc_to_met(

= gbmRetrieve.from_utc(

p
[4] v/ 18.2s

Connected to FTP: 129.164.179.23
Downloading glg_tte_b1_240219_06z_v0o.fit.gz: 100% ||| 1/1 [00:11<00:00, 11.94s/it]

{'utc': '2024-02-19T06:21:42.000",
"t1': -400.0,
"t2': 400.0,
'datapath': '/Users/junyang/Data/fermi/data/gbm/daily’,
'tte': {'n@': ['/Users/junyang/Data/fermi/data/gbm/daily/2024/02/19/current/glg_tte_n0_240219_06z_v00.fit.gz'],
'nl': ['/Users/junyang/Data/fermi/data/gbm/daily/2024/02/19/current/glg_tte_nl1_240219_06z_v00.fit.gz'],
'n2': ['/Users/junyang/Data/fermi/data/gbm/daily/2024/02/19/current/glg_tte_n2_240219_06z_v00.fit.gz'],




= gbmGeometry( . [ 'poshist'])

.saa_passage( -500,
[7] v/ 00s

array([False, False, False], dtype=object)

1 .location_visible(ra=80.016, =25.541,
[&] v/ 0.0s

array([True, True, True], dtype=object)

=['n@0','n1','n2",'n3","'n&"','n5"','n6',"'n7','n8","'n9','na', 'nb"', 'bo’, 'b1"]

.detector_angle(ra=80.016, =25.541,
=[ -100,
print(

[61.07040464526969 57.40267111984303 53.74069319344193]
[60.30457138111926 57.59842957622196 54.75421454615732]
[60.504833645742515 61.09974603073652 61.40924112496014 ]
[109.56398789539155 105.78367734887475 102.06431568609781]
[155.71436051014962 151.96659750908262 148.25326243482584]
[110.46402567849967 109.3588447183001 107.82487140399458]




1 gbm_geo.extract_skymap(ra=80.016, dec=25.541, met=fermi_met, savepath='./geometry')

[10] v/ 0.8s




in ['n9', 'na', 'bl']:
= gbmTTE( ; ["tte' ][

source lightcurve
background lightcurve

.filter_time([-200, 300]) 1200
if [0] = 'n':
.filter_energy([8, 900])

1150

2s)

else:
.filter_energy([300, 38000])

1100 (

1“‘“ Il .,’ “", | “'k [ w '| u

J
I| |

print(msg_format(f'extract light curve for { ')

1050

= 2
.extract_curve( =f'./{ }/curve', =True)

Counts per second (binsize

Il
FH'M|||vMM”L”’m”“‘

H"

1000

950
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extract 'nght curve for n9 Time since 2024-02-19T06:21:42.000 (s)
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in ['n9', 'na'l]:
= gbmTTE( : ['tte'][det])

.filter_time([-200, 300])
if [0] = 'n':
.filter_energy([8, 900])
else:
.filter_energy([300, 38000])

print(msg_format(f'calculate txx for {det}'))

= 2

13 .calculate_txx(xx=0.9, S }/curve/t90')
[22] v/ 2.2s

+

calculate txx for n9
+

+

id#  Txx Txx- TxXX+ Txx1 Txx2
+

56.825 3.847 7.752 5.372 62.197




in ['n9', 'na', 'bl1']:
= gbmTTE( . ['tte'][det], . ['poshist'])

.filter_time([-400, 400])

print(msg_format(f'extract spectrum for { 1))

= [[0, 70]]

.extract_spectrum( =f'./{ }/spectrum', =True)
.extract_response(ra=80.016, =25.541, =f'./{ }/spectrum')

[23] v 22.9s

r

extract spectrum for n9
i

total lightcurve
total background
summing background

1250

1200

MY 'A" A"[\v
Ry 'V"'\IVUAWWUVW V

i per second



import numpy as np

import matplotlib.pyplot as plt

from matplotlib import

from heapy.pipe.event import gbmTTE

from heapy.pipe.image import epImage

from heapy.util.time import fermi_utc_to_met, ep_utc_to_met
2] v 00s

= '2024-02-19T06:21:44.15"
= fermi_utc_to_met( )
= ep_utc_to_met( )

= gbmTTE. from_utc( = ,

.filter_time([-200, 300])
.filter_energy([8, 900])
= 2

= epImage.from_wxtobs('epl3600003859wxtCMOS4&4123v2 ",

.filter_time([-200, 465])
.filter_pi([50, 400])

's2')

Fermi/GBM counts per second

—
N
o

—
o
o

ax.plot(gbm 1lc_time, gbm_lc_net_rate)
ax.plot(wxt_lc_time, wxt_lc_net_rate)
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Part 4. bayspec

https://github.com/jyangch/bayspec
A Bayesian Inference-based Spectral Fitting Tool for
High-energy Astrophysical Data

Other options: xspec, sherpa, threeml
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* —

Source

f(E,t): photons/s/cm”?2/keV
R(l,J): cm*2
D(l,t): counts/s/channel

Ej

f(E,t)dE X R(l,])

1
Ej

D(l,t) =

Table Browser for 9: p0d00-p70d00.rsp-2

Physical spectrum f(E,t)

Detector response R(l,J)

Scatter & Absorption

ENERG_LO ENERG_HI

1 5. 5.34

2 5.34 5.70312
3 5.70312 6.09094
4 6.09094 6.50513
5 6.50513 6.94748
6 6.94748 7.41991
7 7.41991 7.92447
8 7.92447 8.46333
9 8.46333 9.03884
10 9.03884 9.65349
11 9.65349 10.3099
12 10.3099 11.011
13 11.011 11.7598
14 11.7598 12.5594
15 12.5594 13.4135
16 13.4135 14.3256
17 14.3256 15.2997
18 15.2997 16.3401
19 16.3401 17.4513
20 17.4513 18.638
21 18.638 19.9054
22 19.9054 21.2589
23 21.2589 22.7045
24 22.7045 24.2485
25 24,2485 25.8974
26 25.8974 27.6584
27 27.6584 29.5392
28 29.5392 31.5479
29 31.5479 33.6931

Total: 140  Visible: 140  Selected: 0

N_GRP

RFREPRPREREBRERRERPEARHERBRERREREE AR R R RS

F_CHAN N_CHAN

1

RPRREPRPRREPRERPRRERRPRRERPRERRERRERRERRERERRERRERERRERRE

128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128

MATRIX

(0.025522686398625954, 0.0225102217011...
(0.0424964913774272, 0.047031643884851...
(0.05005073096101721, 0.05753156206118..
(0.050162304504171265, 0.0680975390926...
(0.072591016666541, 0.2252707433155742..
(0.08318090721450032, 0.37565258381220..
(0.06530690911256665, 0.35232798671895...
(0.049564072489176755, 0.2530776128667...
(0.04056231323372216, 0.17639784076478..
(0.040252819983500526, 0.1373248926815...
(0.03128411858847312, 0.07648518118586..
(0.012905569703590167, 0.0444339890346...
(0.006135549694815053, 0.0266283783498...
(0.009043764238705346, 0.0182136076566...
(0.0067603842657083055, 0.008784843878..
(0.005309733076901442, 0.0042406321881...
(0.01174979324334823, 0.00482680548169..
(0.016138547264695272, 0.0127039057318...
(0.011390762232925095, 0.0171424391329..
(0.009316306466877925, 0.0150681356242...
(0.011174757854454886, 0.0117394179174..
(0.005891891542430741, 0.0127618321184...
(0.005719149214998605, 0.0087643946807...
(0.009625127892189125, 0.0072648343721...
(0.014748264850942314, 0.0098189681230...
(0.015166708805670368, 0.0114258457449...
(0.016195233820467912, 0.0076547493722..
(0.033067208571053455, 0.0125338265407...
(3.913234859932568, 2.3162730379948746,...

)

Observed spectrum D(l,t)

Photon energy (keV)

10 2 5 100 2 5

Channel energy (keV)



bayspec:. compare model and data

Model Response Source Background
M(E,t,0) X R(l,J) S(E) — B(E)
photons/s/cm”2/keV cm”2 counts/s/keV counts/s/keV

Ef
DP(1,t) = f1 M(E,t,0)dE X R(1,])
Ej

model-predicted count spectrum observed count spectrum

Poisson data with Poisson background (cstat): Poisson data with Gaussian background (pgstat):
m% o b )S —tgs(m;+b;) (tbbi)Bie—tbbz‘ (t (b + m: ))Sle_ts(bi+ml) (B—blfbg
b H X B L= H S, X -

e 1



bayspec: bayesian inference

Bayes' theorem

P(D|6, M)P(8|M)
P(D|M)

P(6|D,M) = (5)

EF AT RIBNEX T

POIM): ZBndr, RAENNE YK EDZw, HEAMFHSH0
By 477 R B A Ju

P(DI6,M): R ESHK, RTAEAMESHKOTHNZKEDHHE, G
A5 EZE X R HInP(D|G,M) = —0.5X% S,

P(DIM): W etHTiE$E, £ BIEDH BME, B AR oA ik &
BELSHEE B LME[PDIO,M)P(O|M)dE.

PBI|D,M): E%an A, RAERNE| L HEDZ G, NHEEAMFHSHK
QM HT R YA S,

Tt Hr e W g e DUeH S 1 T A& LA T 6B A

(1) I8 AT R ST I B IR By 75 A 1 S M

(2) BeLERMR, BEFRXFENLERHRBASHEITLE;
(3) REM®, EATAMAXRAMGLESLKE M,

(4 ZHAHRERN, BROFTRET SHETWAH TR L
(5) HAFEENL, TEMFATERLEK.

MCMC samplers: Nested samplers:
1. emcee W4 1. Nestle
2. PyMC3 2. CPNest
3. TensorFlow Probabil 3. dynesty
4, Zeus 4. UltraNest
5. PyStan 5. PyMultiNest
6. PYJAGS 6. DNest4
7. PyPolyChord


https://en.wikipedia.org/wiki/Bayes%27_theorem

 BAYSPEC Algorithm 5: F:F UL el (K K SCRE & %

v @ bayspec Input: WL FIH40E D, (1,,.1), XBRWBIERE R, (1.7, ) BH

> B fhEEIERTY M (E,1,0,)
> & app

» g data f;}} weeoasman, | Output: Z3U/5 W5 PO | D, M)
> j init_py 7 (L2857 Ry (1,]) /* RENE *
e data.py - T -5 3 ng(l, (3] ‘J&HJ,! R SRRl My(E,1.6,)- s 0 HS B
@ response.py S v B /* BEEE */
S Ao g MAGHES; < MAEGED U D) RIS T HOH D, g (1, g, 1) FCRTIRIIERE R, o (L, T )
~ [@@ infer S—ZZSI(D MxR,) M e /* JUtEF g */
> P 1 G5E %N, RESHINERA PO | M)
& INiT Y [
2 inferpy v 2. WIS G, SRR P(D | 6, M)
@ pair.py 1 I 4 b LSk es %P (D]6, M) 3. REESRRIES LRI 73 A 1 2 4 S50 0] it A7 RAE
7 PO while 4 i# A5k £ 4+ do
—— SRR LTS 0
v (3@ model | <
_ THE RS M, (E,1,0,)
> B astro i WEs it G o2 .d, ,.1) (AR (2-24
S m local L) SHERAP@IDM) PTG Phgtly ) (B (2240
> BB user EAESTE S (AR (2-25))
> B xspec | | HHRERIRAS, ﬁﬁﬁ%@%%q&ﬁ%ﬁ:
@ __init__.py end

& model.py
> W@ util

e __init__.py
> I results

4. WHBERRWM RN PO | D, M) (AR (2-26))

return P(¢ | D, M)

> I tests




bayspec installation: pip3 install bayspec

Installation

BaySpec is available via pip :
$ pip install bayspec

Utilize multinest sampler

If you want to use Multinest for Bayesian inference, you can follow the instructions in the pymultinest
documentation to install it.

Access Astromodels models

To utilize models from Astromodels , ensure that Astromodels is installed on your system.

Access Xspec models

To utilize models from Xspec , ensure that both HEASoft and Xspec v12.12.1+ are installed on your system.
After confirming that HEASoft environment is properly initialized, then you need install xspec-models—cxc .

NOTE: BaySpec currently only supports Additive and Multiplicative modelsin Xspec .



Data:
LE (0.5-4 keV, cstat)
ME (8-900 keV, pgstat)

Model:
tbabs (all free)
cpl (all free)

Sampler:

emcee

[2]

import numpy as np

from bayspec.model.local import #*

from bayspec.model.astro import #*

from bayspec import DataUnit, Data, Infer, Plot

v/ 0.0s

DataUnit(
'./LE/le2.src’
'./LE/le2.bkg"
'./LE/le2.rmf’
'./LE/le2.arf’
=[0.5, 4],
="'cstat’',
={'min_evt': 5})

Dataunit(
'./ME/me2.src',
'./ME/me2.bkg"',
'./ME/me2.rsp',
=[8, 900],
='pgstat’,
={'min_evt': 50})

Data([('LE', le), ('ME', me)])




= A5 TbabsO)

Data: cpl()
LE (0.5-4 keV, cstat) »
ME (8-900 keV, pgstat) e python

(AS_TbAbs*cpl) [add]
AS_TbAbs: Photometric absorption (Tbabs implementation), f(E) = exp(- NH * sigma(E)) contributed by Dominique Eckert
1: cutoff power law model

Model:
|

I e = O
thabs (all free) (2 | o e [ o ]

cpl (all free)

I I O e
Sampler I N N N T
emcee

T o




= Infer([(
Data: print( )

[5] v/ 0.0s
LE (0.5-4 keV, cstat)

tabs sl o)
cpl (all free)

unif(-8, 4)

emcee unif(-6, 5)




= .emcee( =1000, ='./intermediate')
2 print(

[6] v/ 26.2s

Data: ~ 100%| N 1000/1000 [00:25<00:00, 38.86it/s]
LE (0.5-4 keV, cstat)

ME (8-900 keV, pgstat) -
Model

tbabs (all free)

ol o
Samplor

49.06 49,97 56.63




= Plot.infer( , =EE" =True) ) = Plot.infer( ; ="NE"',
.write_html('intermediate/ctsspec.html') .write_html('intermediate/phtspec.
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—— ME —— ME
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= Plot.post_corner( , =True)
.write_html('intermediate/corner.html')

$\alpha$
log$E_{c}$
< R 4 \(cP \('6‘ \{'7 \{v)



[10]

v/ 39s

v
~
o~
<
£
3]
~
o
| .
a

np.logspace(np. (0.5), 4, 100)

= Plot.model( ='plotly’, ='vFv',
= .add_model( = =False)

= .add_model( = =True)

? L}

.write_html('intermediate/model.html"')

Q

cpl CI

cpl

(AS_TbAbs*cpl) CI
—— (AS_TbAbs*cpl)

5 100 2
Energy (keV)

=True)




Part 5: exercises



%Jrij‘Ll"Fl'fEI'@JEP?’”‘

YU ENIPSERENESFIEINES

IHTEP-WXTEUE, EMXTE 6%
2, EGBMEEF IR ERE RS EMSETZII MR
3, BFEMDSTEIINR, MRSt ZAIRES

ep13600003859wxt44s2  v2

RA, Dec

RA (HMS), Dec (DMS)
Galactic I, b

90% Pos Err (arcmin)
Exposure Time (s)
Observation Start (UTC)
Net Rate

Estimated Flux (erg/cm*2/s)
Counts

Background Counts
Significance

Source Detected Number @

Observation Number

80.031, 25.533
05h20m07.4s , +25d31m57.9s
179.779, -6.606
2.267
1037
2024-02-19 06:12:16
0.08073808
1.61e-10
83.72539
0.7046632
14.035547
1 WXT, 0 FXT

Pending WXT, Pending FXT

EPLEESE T8tk

h++nec'//nan ~ctelanid Arn/c /wSenHr<STNIV

SHIEATRELS

Fi#1T

BRagtisila

ep11904194487wxt12s2  vi0

RA, Dec
RA (HMS), Dec (DMS)

Galacticl, b

90% Pos Err (arcmin)

Exposure Time (s)
Observation Start (UTC)
Net Rate

Estimated Flux (erg/lcm*2/s)
Counts

Background Counts
Significance

Source Detected Number @

Observation Number

285.031, -22.561
19h00mO07 .4s , -22d33m40.9s
13.502, -11.893
0.312
38570
2024-06-16 18:01:38
0.009554462
1.91e-11
368.5156
14.675258
18.491087
2 WXT, 0 FXT

Pending WXT, Pending FXT


https://pan.cstcloud.cn/s/bwSsnHrSTNY
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