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ABneHune ramma-scrnaeckKa

Standard GRBs classification
The main outcome from BATSE: a bi-modal distribution of the Teo of GRBs [1-4].
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GRB 000502 | oo sor o1 o1 oo tom ]
Te<2 s — Short GRBs Tew>2s —> Long GRBs
Sistematically harder spectra. Sistematically softer spectra.
Progenitor: NS merging [5]. Progenitor: collapsar [6-7].

[1] Klebesadel, RW. 1992, in GRBs —Observations,Analyses&Theories, ed. C. Ho, R.l. Epstein, & E.E. Fenimore (Cambridge University Press), 161-168

[2] Dezalay, J.-P., Barat, C., Talon, R., et al. 1992, in American Institute of Physics Conference Series, Vol. 265, American Institute of Physics
Conference Series, ed. W. S. Paciesas &G. J. Fishman, 304-309

[3] Kouveliotou, C., Meegan, C. A., Fishman, G. J., et al. 1993, ApJ, 413, L101

[4] Tavani, M. 1998, ApJ, 497, L21
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IBONOUMOHHAA cxema B pamKax Fireshell mogenu

All GRBs are composite and originate from binary systems

Short GRBs Long GRBs
Binary
progenitor NS-NS or WD-NS FeCO-NS
SN never always
E"“WH erg EMW” erg
BH NO YES NO YES
* * (X-ray iashes) (BdiNe)
Hard YES YES NO YES
spectrum (E»>500 keV) (E»>500 keV) (Ex<100 keV) (E->100 keV)
a<m axm *
X-ray _YES NO , . ; . ; :
Afterglow (without scaling) (without scaling)  (without scaling) (with scaling)
aay NO NO  YES NO YES
emission * + * * (long-lived)
Outcome NS BH  BH+disk NS-NS BH-NS

(massive)

[1] Damour & Ruffini 1975, Phys. Ref. Letters (35) 463
[2-4] Ruffini et al. 2001, ApJ (555) L 111, L 113,L 117

Cuenapun Fireshell:

- ONTUYeECKas Henpo3payHasi e*- nnasma
c SHepruen E,, °t obpasyeTtca npu
rpaBMTaLNMOHHOM KOMnMance B YEPHYI0
abipy [1]

- pacwmpstoLasca obonoyka
nornowaet 6apmoHbl B=Mgc?/E, ot
OCTaBLUMECS nocre npolecca
KOnnancmpoBaHus, HarpeBasi ux

- NOBEPXHOCTL e+ NnasmMbl yckopsieTcs
[0 yrnbTpa-penaTnBUCTCKUX CKOPOCTEN
BMIOTb 4O MOMEHTAa HaCTYynJ1eHUs
ONTMYECKOM NPO3Pa4YHOCTU U UCMYCKaHNA
nepsoro nanyvenua Proper-GRB

- C HacTynsieHnem onNTUYECKON
Npo3padyHoCcTN 0boroYvka 3ameanisieTcd
Npv B3aMMOAENCTBUN OKPYKatoLLeNn
Bcnneck cpenon (CircumBurst Medium)
TEM CaMbIM UCMyCKasd OCHOBHOE
nanydeHmne (Prompt emission).
MopgenupoBaHue BKOYaeT pakTop
3anonHeHnsa R=A /A, KOTOPbIN
YUUTbIBAET TaKXXe BOFTIOKHUCTYIO

CTPYKTYpY cpeapl.
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KOopoTKMe ramma-BCnaecKu

Short GRBs

HepaBHo Hamu 6bino npeanoxKeHo [5]

Binary v .
rogenitorn NS—NS or WD=NS cywecrtsoBaHue asyx cemencts (family)
* KOPOTKUNX BCMN/1ECKOB,
SN never npealwecTBEHHUKOM KOTOPbIX SBAAETCA

E‘”‘Wn‘”g‘ CAVAHNE HENTPOHHbIX 3B&3A;

BH NO YES - family-1 «KopoTkux Bcnneckos ¢
‘ * sHepruent E, <10°2 3p2 W NUKOBOIA
Hard YES YES aHepruewn B cucteme nokos £, <2 MeV,

spectrum (B> keY) (E<>500 keV) BeJeT K obpasoBaHUIO maccuBHoOM H3

assm a=m
- family-2 KopoTKux BcnneckoB c
x'ray - YES . NO y YES . v 52 )
Afterglow  (withoutscaling) (without scaling) 3Heprnen £, >10°° 3pe M MUKOBOWU
aHepruewu B cucteme nokos £ .,.>2 MeV,
Gay NO NO YES BefeT K 06pasoBaHMIO YEPHON Ablpbl
emission v

{ * * N3nyyeHmne BbICOKOW SHEeprum
Outcome NS BH  BH+disk WHTEpnpeTnpyercs HaInYmMem

(massive)

aKKpeuMnmoHHOro gucka pagom c 4z

[5] Muccino et al. 2015 ApJ (in print)
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HabntoaeHmna ¢ NOMoLLLbIO KOCMUYECKMX 0bcepBaTopui

GRB data

Data from different satellites

1) Swift BAT (15 - 150 keV) and XRT (0.3 - 10 keV)

2) Fermi GBM (Nal 8-1000 keV - BGO 260 keV - 40 MeV)
3) Fermi LAT (30 MeV - 300 GeV)

4) BATSE (25 - 1900 keV)
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O630p npeabiaywmx pabot

b {3 keV-260 keW) 1

GRB 081024B (trigger 246576161)
was the first LAT detection of a short
burst [6].

Low-energy emission observed by the
| GBM lasts ~0.5 s, the high-energy
S . , ! emission was visible up to ~3 s after
i JZE the trigger time.

{500

Count=Bin
RATE [Hz]

—_4':"]

- GEM BGO,
L {280 keV'-5 MeV)

1200

Counts'Bin
RATE [Hz]

-200

r LAT
10 '_Uull ewentsh

Counts/Bi
i
=]
RATE [Hz]

of o The highest-energy event (3.07 GeV)
s ' is detected at T0+0.49 s, i.e. very close
o in time to the end of the GBM
o § emission.

3 8 id

LAT
[ (= 100 Mev)

CountsBin

-4 2 0 2 4
Time since (2465T6161.8) (s)

Follow-up observations by Swift (started
Figure: Multi-instrument light curve for GRB 081024B.  75ks after trigger) and ground-based
GBM detectors Nalg, Nal,, BGO and LAT and time- telescopes did not find any conclusive
resolved analysis intervals. .

evidence for an afterglow counterpart

[6] Connaughton & Briggs 2008, GCN 8408 [7]. Thus, there is not measured redshift.
[7] Guidorzi et al. 2008, GCN 8513
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O630p npeabiaywmx pabot

0.0s-0.1s: Fit "1"

0.8s-2.9s: Fit "5" =

wl o \HLU,IJ NI SN IIHHl \HIH‘ I-\IHH‘ \IHI\Il IIHHl 1 4

10°

10*
Energy (keV)

10° 10°

[8] Abdo et al. 2010, ApJ (712) 558

107

The time-resolved spectral analysis was performed in
intervals “a@”, “b”, “c”, simultaneously fitting the signal from
the two Nal (selecting the energy channels between 8 keV
and 860 keV), the BGO (from 200 keV to 36 MeV), and the
LAT detectors [8].

The spectrum of late-time high-energy emission can be
represented by a single Power-Law model with photon
index -1,59 and possible origin of this emission is
synchrotron self-Compton emission during afterglow phase
or cascades [9].

Fit Parameters for the Time-resolved Spectral Fits

Fit Interval Detectors Model Epeak o B C-Stat/DOF Fluence Fluence

(s) (MeV) (20keV-2MeV) (100 MeV-10 GeV)

(erg em™?) (erg cm‘z)
1 “a” 0-0.1 Nal+BGO COMPT 27434 —1.030% 330/352 (1L.7£0.3) x 1077 <47 x 10710
2 “a 0-0.1 Nal+BGO BAND 28150 —1.03+08 < -L7® 330/351 (L.7£04) x 1077 <73x 1078
3 “b0.1-0.8  Nal+BGO+LAT BAND 205 1037 2107l 383/359 (79£1.9) x 1077 (8.9£3.0)x 1077
4 “b0.1-0.8  Nal+BGO+LAT  COMPT+ 16755  —077%% -
POW —1.68*41 384/358 (88£2.0)x 1077 (L1£04)x107°

5 “c”0.8-29  Nal+BGO+LAT POW —1.67%4 274/361 (43£32)x 107%  @o£24)x 1077

[9] Ohno 2009 Fermi Symposium
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GRB 081024B: Time-Integrated analysis

glg_tte_n9_bn081024891_v01.fit; n9(100_700)5e—2.lu g\gftt‘efbgbnm‘%w024‘%8917v01.ﬁt; b1 (100_700)5¢ =2 Iu

2000 7.113: 881.50 keV | o 243.04: 10386. ke ]
2 2 I
a Times: —0.150: OS:OC: o o T‘mon(S) . h
=~ %I [ - U252 Best fit — Comptonized Model:
I L \$\\ . channels 4:123
C-STAT = 341.54, DOF = 323
}% Amplitude 0.005485 p/(s cm?keV)
5 Epeak 3211 +/- 2.06E+03 keV
" Index -1.106 +/- 0.109
o : Photon Flux = 2.4174 +/- 0.25 ph/(s cm?)
@ -2 Energy Flux = 6.6288E+/- 0.71E-07 erg/(s cm?)

Energy (keV)
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GRB 081024B: Time-Resolved analysis

glg_tte_n6_bn081024891_vO1.fit; n6(100_700)5e—2.lu
T T T T T T T T T

glg_tte_n6_bn0OB1024891_vO1.fit; n6(—150_100)5e—2.1u
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GRB 081024B: Time-Resolved analysis

\’r‘“me 1‘50:‘0
J( BS?:OL +
= dib | ee‘ I NALDY O =
T ;

Times: 0.100: 0.800 s
T T — T

o

famma-Bcnneckn B pamkax Fireshell mogenu

Best fit — Comptonized Model
Fit interval : -0.150: 0.100 s, channels 4: 123

Amplitude 0.008232 +/- 0.00151 p/s-cm2-keV
Epeak 1313. 984+/- 0.6082E+3 keV
Index -0.7994 +/- 0.222

C-STAT = 329.26, DOF = 323
Photon Flux = 3.2790 +/- 0.48 ph/s-cm”2
Energy Flux = 1.1977E-06 +/- 1.7E-07 erg/s-cm”2

Best fit — Power Law Model

Fit interval : 0.100: 0.800 s, channels 4: 123
Amplitude 0.004188 +/- 0.000524 p/(s cm? keV)
Index -1.315 +/- 0.0752

C-STAT = 353.37, DOF = 324
Photon Flux = 2.0913 +/- 0.30 ph/(s cm?)
Energy Flux = 4.5248E-07 +/- 5.4E-08 erg/(s cm?)
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Theoretical estimation of the redshift

Output of the fitting provides us with following parameters:
- energy and time intervals
- energy fluxes

- Epeak

At first we calculate the energy ratio between thermal component of P-GRB and total energy:

Er_ore ~ 47Zd|2FBBAtP—GRB I(1+2) _ Sgs _ (48.57+7.09)% E o
EX 47d °F At /(1+2) S, s0 ~ Eggr

d, - luminosity distance

kT i
of e*/- total energy and

3.10x10%2 4.65x10° 1370.55 48.28 3.09 2.48x10%

3.40x1052 4.60x105 1378.95 48.57 3.11 2.50x1052 baryon load, we do the
2.50x1052 4.70x10°5 1373.20 49.00 3.09 2.48x1052 i .
245x10%2  4.72x10° 1369.91 49.01 3.09 2.48x1052 best fit of energy ratio [5]
2.48x1052 4.72x105 1369.84 48.97 3.09 2.48x1052

\ 4.68x105 1376.85 49.20 \ > 2.48x1052 M .c2
2.48x1052 4.74x105 1366.35 48.84 3.08 2.47x1052 B= E’)t
2.47x1052 4.76x10°5 1362.52 48.73 3.06 2.45x1052 oot
2.44x1052 \ 1363.71 48.80 3.07 2.46x1052

2.44x1052 4.78x10° 1360.24 48.68 3.06 2.45x10%

[3] Ruffini et al. 2001 ApJ 555, L113 [5] Muccino et al. 2015 ApJ (in print)  [10] Muccino et al. 2013 ApJ 763, 125
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Theoretical estimation of the redshift

Dopgler blle-shifted foward the dbserver

=
o
(%]

E
KT, =—"22 —(335.2+174.0) keV
3.92

obs

=
=]
[+]

In the co-moving frame

Temgeratura al fransparancy (ke
&
-3 1,

10
—— KT
— kT, .., =(1+2z)KkT,, = z=-2eor_1-305
102 S T T—— kT
1078 1077 108 1o 107 107 108 obs
B
1 F-GRE ' A'nercila_w_
0.8 | ' X ) 10000(1+2)
Ep DE: N A IN EdE
s | / A B 2 Atgo 1/(1+7)
T TAYS - 47Zd| |:90 1000
o4 147
| —— E" 1.44x10% * org / J. N EdE
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| —— EF=1 7107 erg S g
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B

Figure: Fireshell parameters at transparency
for selected values of E, , **

0
10

[3] Ruffini et al. 2001 ApJ 555, L113 [5] Muccino et al. 2015 ApJ (in print)  [10] Muccino et al. 2013 ApJ 763, 125
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Theoretical estimation of the redshift

The procedure:

- using the simulation and varying the values of £, " and B during the selection we found
the best fit to energy ratio of P-GRB and T90.

- peak energy E ., is used for derivation of observed temperature kT,

- simulation provided with fireshell temperature at transparency kT,
redshift z was calculated

- by using redshift the isotropic energy was calculated

E kT
tot P_GRB theor _1 -7
\; Ee_e+ ) B ] » |: E ! thheor :| » |: kT :|

iso obs

by using which

heor

10000(1+2)
\ | N(E)EdE
h t vz
Eio = 47Zd|2 1+9; Fa 1l£o :
| N(E)EdE
10

Redshift was estimated as z=3.05 and correspondingly E,, = 2.44x10°? erg and B = 4.8x107

[3] Ruffini et al. 2001 ApJ 555, L113 [5] Muccino et al. 2015 ApJ (in print)  [10] Muccino et al. 2013 ApJ 763, 125
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CooTBeTcTBME HabatogaemblM AaHHbIM

From observed fluence we can derive errors:
E., =(2.44+0.22) x10% erg
B=(4.80+1.03)x10"°

z=(3.05+0.61)

E. crs =(48.57£7.09)% = (48.6+7.1)% E,

1SO

| Also GRB 081024B is within the 3-sigma of
| the E, E., relation [11, 12 ].

eak —

50 s 2 sz
LOg (EiSO/ erg)

Figure: E ., -E;, relation [11, 12]

[10] Muccino et al. 2013 ApJ 763, 125 [11] Zhang et al. 2012 ApJ 750, 88 [12] Calderone et al. 2015 MNRAS 448, 403
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[pyrue npnmepbl KOPOTKMX BcrsieckoB family-2

2) The prototype of family-2 short GRBs in
the fireshell model: GRB 090227B [9]

2.0x10*

1.5%10% - Prompt emission;

Rate (count / 8)

5.0x10° -

simulated céupl spectrum of GRB 090.2273 -
Nal-n2 count spectrum 8-1000 keV
BGO-b0 count spectrum 260-40000 keV +—w—t
0.1 )
- 0.01 H?%i__ﬁ 4
- z 1%
5 Simulated “f iy,
i ol spectrum ( f i qH |
£ | of the prompt 1“ : ,
emission l *
e-05 l
To+0.015s = To+0.385s "
e-06

1.0x10% -

8'3-tle_n2_bn0S0227772.301 At n2tu
T
8.229: 902.57 keV

-05 3
Time Since TSTART (s)

1
10 100 000 10000
Energy [keV]
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7FE e T L i BN R [ DR T D B MR O o
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[pyrne npmmepbl KOPOTKMX BCnaeckos family-2

45

; Family-1 | :

- short GRBs
4.0¢ GRB 0310243.3( GRB “9951“

| (z > :41 Ry K ‘GRB 090227B
35 ~~ GRB. 1406198

LDE{Ep.y’kEV)
J
-

2.5
2.0 * .t | = B ] short GRBs
; -~ P u(
50 51 52 53
Log(Eis./erg)
Figure: £,,..-E;, relation and Family-2 short bursts [5]

[10] Muccino et al. 2015 ApJ (in print) [11] Zhang et al. 2012 ApJ 750, 88 [12] Calderone et al. 2015 MNRAS 448, 403
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3aKnto4eHne U nepcneKkTusbl

* [lpeactasneHHasa moaens Fireshell ABnaetca anbTepHaTUBOM CYLLECTBYIOLLEN
mopenu Fireball n paet HekoTopble HOBble pe3ynbTaThl

* 3 peTtanbHOro aHaan3a NCTOYHMKA raMma-nU3nyd4eHmA B paMKax AaHHOU moaenu
6bl1a NonydYeHa oueHO4YHOe KpacHoe cmelleHue redshift z=3.05, nsorponHas
sHeprua E. .=2.44x10°% 3pr, 1 3anofHeHHOCTb 6apnoHamu cpeapl B=4.8x107.
3ano/IHEHHOCTb cpeabl bBapMoHaMM HaXOANTCA B COOTBETCTBMM C MOAE/bIO ANA
KOPOTKUX ramma-Bcnsiecko family-2.

* MeToAa BblYMUCEHUA KPaCHOINo cmeweHnAa Aaet Xxopowyro oueHOYHYH BEJTNHURY.
nOCpe,ﬂ,CTBOM KOTOpOVI BO3MOMXHO BblHNC/INTb OCHOBHbIE MapPaMETPbl N MOCTPOUTDb

dU3nYecKyo moaens.

PaboTa npoaonrkaercs...
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