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CGRO/BATSE: prompt emission in the range
20 keV - 2 MeV trom 2700 GRBs

Fermi/GBM: prompt emission in the }
range 8 keV- 20 MeV from 2200 GRBs

The Neil Gehrels Swift Observatory
Swift/BAT: 15-150 keV from 1200 GRBs
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g | Epeak~ few keV - few MeV
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_ ‘b thermal energy rad1ated at the photosphere (Meszaros & Rees2000; |

Da1gne & Mochkovrtch 2002 Grannlos & Sprult 2007 Pe er 2008 Beloborodov 2010) = —

p k1net1c energy that can be extracted by shock waves =
& propagatrng within the outflow and then radiated by shock— =

accelerated electrons (1nterna1 shocks Rees & Meszaros 1994 Kobayash1 et al. = |
1997 Dalgne & Mochkov1tch 1998) '~ , | -

j magnetlc energy that can be drssrpated V1a the reconnectlon
. of field lines and then radrated by shock—accelerated electrons

- (Thompson 1994 Meszaros & Rees 1997 Sprurt etal. 20()1 Drenkhahn & Sprult 2002 |
f‘-‘fﬂf Lyutlkov & Blandford 2003 G1ann1os & Spru1t 2005) = = -




2 kinetic energy

PROMPT

electrons radiate
synchrotron

* - - accelerated

energy is initially | A ——
in radiation ~ chaclks

at larger radii:

photosphere- shocks dissipate

gradually : kinetic energy into
Tee 3 a fraction of : 1
ranstorme G internal energy

into kinetic be radiated away



Photons undergo mult1ple scattenngs "
w1th more energe’ac electrons and 1
- mcrease the1r energy - 1




P magnetic outflow (Poynting-flux-dominated).

tangled reconnectlon} I | paticle |
magnetlc fleld events | ¥ lacceleration| 8

- ICMART model Zhang and Yan (2011) e
multlple mternal collisions can entangle magnetlc field and trlgger -
reconnectmn events, convertmg a fraction of magne’uc energy to |
radlatmn Rapld Varlab1l1ty can be produced even 1f R>1()15cm
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ctru Flttm g mo dels
~ Standard models

include the followmg“

;._.emplrlcal functlons

- Band model
- Smoothly broken PL
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L et al. 2006 |

Low Energy Index (Effectnve) e

- ":-;Pree ce at al. J998 - Black typlcal Ob Served

OW energles i *"‘3':'{. -
- let’s leok at XRT prompt data ,';:-ii»*
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BAT 15-150 keV GRB 061121

GBM 10-800 keV | z=1.314
GBM 200 keV- 1 MeV

80

GRB 070616 GRB 100619A | GRB 100725B GRB 100728A

GBM]
-
o

o
U

countss ! ecm~2[BAT]

counts [XRT
countss ! [XRT, GBM]

counts~![XRT, GBM]

o
o

300 400 500 | 20 60 80
Timels]| Timels]

Timels]

GRB 100906A GRB 110102A O GRB 110205A : GRB 121123A
z—=1.727

z=2.22
* \

w » %] o))

counts [ XRT, GBM]
N

counts tecm 2[BAT]

[0,

o

o
Jary

Al

100 150 200 250 300 350 200 300
Timels] Timels]

GRB 140206A GRB 140512A
7z=2.730

GRB 130907A
z=1.238

[e})
o
o

B
o
o

N

°©

1S3

counts [ XRT, GBM]
S
o
S

°©
IS
counts ' [XRT, GBM]

300 300 400
Timels]|

100 120 40 60
Times]

, Ghirlanda, Celotti, 2017, Ap]




f We found 34 ‘-"_RBs W1th prompt BAT+XRT observatlons
- and large S / N to allow spectral analysrs -

1 14 are br1ght enough to allow t1rne resolved analys1s __
Oganesyan, Nava, Ghlrlanda, Celott1 2017, Ap] | |

2 add1t1onal 20 only t1me mtegrated analys1s
Oganesyan Nava, Ghlrlanda, Celott1 in press, arX1V 1710 09383




Residuals

2nd pulse

'BCPL(deabsorbed)

. 102 R

Energy [keV]

CPL (Cutoff PL) model

- K= -1.28 (d of = 480)

CPL T break at low energy
Xred .0.93 (dof —478)

Ebreak = (7 2+1)keV
peak = (532 + 150) keV




- we ﬁt all these models to all Spectr a m the sample

| BCPL(31%)

vF, [arbitrary units]

Epeak  E |arbitrary units] |




We ﬁt all these models to all spectra m the sample
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Spectral fit: full sample

‘tife resolved analy81s

- Distribution photon indices
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- A spectral enaly51s of the 10 brlghtest long GBM GRBS is m : ’
= ;_progress 5_?_;};1‘e11m1nary results show that most of them requlre
a flttmg model mcludmg a break (15 1()0 keV) and an

add1t10na1 hard power—law belew the break

~ Ravasioetal, 2018 inpreparation




"Thls 31tuat10n has been already

~ considered by _
theoretlcal models

- moderatelV fast cooling re,qrme =
first mvoked to explam
spectra as hard as -2 / 3

- Derishev2007 =
~ Kumar & McMahon 2008 =
= .,_"Dalgne et al. 2011 = =

~ Beniamini & Piran 2013 2014
- .'“-:_»_Uhm & Zhang 2014 =




N e
RSN e S e e == large R~1016cm
small B’~10- 100 G

= large I' > 500
- _large Ym> 104 5

R B NY (ectrons) + | Vow

B (magneticfield)

s "Derlshev 2007 -

= Kumar & McMahon 2008 £
'f”;.,;f'Dalgne etal.2011
e ‘Beniamini & Piran 2013 2014; -~
- Uhm & Zhang 2014 B
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Page et al 2()11
Starlmg et al 2011 2012
Gu1r1ec etal. 2011 2015 2016 2017
Axelsson et al 2012
Peng etal, 2014
Valan et al 2018
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- Fig. 2. Comparison between the SBPL model (blue curve), SBPL+BB
7 - (green solid curve), and 2SBPL (red curve). Normalizations are arbi-

Ravasm 5'??1:'-:-'?-‘-.??;"'*-i‘f'if‘f‘irlecet al, 2016
e . cRBUDGA




. Band model not sufﬁc1ent to properly Charactenze prompt
-'.‘em15810n Spectra [Gu1r1ec = 11 13 15 16 17] [Burgess+14] [Yu + 2015]

i}mclusmn of thlrd power-law segment at low energles (<1 100 keV)'j

'_'j_.'_'often 1mpr0ves the flt [Oganesyan+ 17 18] [Rava51o+17]

= _"",'the photon md1ces are ConSISteIlt Wl’fh expectatlonS from

| SYnchrotron radlatlon [Oganes}’an+ 17,18] [Rava810+17]

‘,:'__\W1thm a synchrotron mterpretatlon moderately fast Coolmg




