KocMunyeckne ramma-BCrsiecku

» Camble MOLLHble B3pbiBbl BO BceneHHoM!




NcTopua
» OTKpbITbl B KOHLIE 60X

Ha aMepunKaHckmnx cnytTHukax Vela (150 - 750 kaB);
nepBbln BCrsieck — 2 nongd 1967 r.

» Onyb6nmkoBaHo B 73r (16 GRBSs)



http://www.astronet.ru/db/msg/1163675

HabnwopeHna ramma-scnnecka GRB 720117
OEeTEKTOPOM CrnyTHMKa Kocmoc 461

» Maseu, NoneHeuknn, MnbnHckmn, NMucbma B XKITO 1974 - oaHO U3
NepBbIX HE3ABUCUMbIX NOATBEPXAEHNN OTKPbLITUS raMMa-BCMNJIECKOB
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kcrnepumeHTbl PTU No nccneqoBaHMI0 HERTPOHHBIX 3BE3 CO CBEPXCHIIbHBIMU
MAarduTHBIMMU I10JIsIMH, COJTHECYHBIX BCIIBIIIICK U

B naboparopuu
«IKCIIEPUMEHTATbHON
acTPO(PU3ZUKN» YCTICIITHO
MPOBOJSATCS SKCTIEPUMEHTHI TI0
MCCJICIOBAHUIO aCTPODU3NUECKUX
MCTOYHHUKOB FaMMa-U3JTyYeHUsI C
70-x romoB XX Beka.

C 1994 roga 6ecmepedoitHO
(YHKIIMOHUPYET IKCIIEPUMEHT
«Konyc» Ha amMmepuKaHCKOM
kocMmuueckom anmapare (KA) Bung

Amnnaparypa «Kouycy Amnmaparypa «Konyc-P®» na KA
Ha KA HACA «Bunm» «Koponac-®oTon»

B 1995-2006 rr. mpoBeieHBI
skcniepuMeHThl Konyc-A, Konyc-
A2, Konyc-A3 na KA Kocmoc-
2326, 2367, 2421

B 2001-2005 rr. npoBeaeH
sKcriepuMeHT «I enukon» Ha KA
«Koponac-®»

Amnmnaparypa «Konyc-A» na KA cepun B 2009 1. —skcnepument «Konyc-

Anmnaparypa «[exukon» Ha KA
B «Kocmocy P®» na KA «Koponac-®oton»

«Koponac-®»

12



Poccuncko-amepukaHckum akcnepumeHT KoHyc-BuHg (1994 -)

» [Ba gqerekropa S1 u S2.
NaI(Tl) 13 cm x 7.5 cm

» [MoCTOAHHbIN 0630p BCEN HEDECHOW
cdepbl B Anana3oHe sHeprum ~20 k3B
- 15 MaB

» Odd. nnowaab ~100-160 cm?
» YpaneHue ot 3eMnu ~1.5 MJIH. KM

The orbit ¢
Earth shad



GRB 950818
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GRB 971208 , GRB 060814B - camble
OJIMHHbIE raMMa-BCMJ1IeCKU
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CI'IeKprI raMmMma-BCriJiIeCKOB
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Ob6Lime xapakTepUCTUKn

» NnutenbHoctn ~10 mMcek — 1000 cek

» XapakTe

» XapakTe
B COTHMU

DHble 3Heprun ~100-1000 k3B
DHble NOTOKN ~10-7-10 3pr/cM2/cek (MOryT

Da3 NPeBOCXOoANTb POH raMMa-nsnyyeHusa)



bumopanbHoe pacnpegeneHme raMmma-
BCMJ1ECKOB MO AJINTENbHOCTAM

» Benepa 11, 12 (1978-1980)
» BeHepa 13, 14 (1981-1983)

» SkcnepumeHT KoHyc (30 k3B
- 2 M3B)

» [NepBbln KaTanor
KOCMUYECKUX raMMa-
BcnneckoB (Mazets et al.,
Ap&SS, 80, 3 (1981) -
143 GRBs Ig, S

006 025 o 4 {6 64 25




IkcnepumeHT BATSE (1991-2000)

» BATSE - burst and
transient source

experiment (CGRO
» 20-1000 k3B
» S = 8x2020 cM?

» Jlokanusaums c
TOYHOCTbIO
HEeCKOJ1bKO rpaa.

» 1637 GRBs 4-oMm
KaTanore

» Bcero - 2072 GRBs

& i o g e ]
By ] o] o L] o
L 1 ]

Neienbar of Bursle

i

& ¥, Ia Iee Faea
Lhpracn f5)

Fig. 1.—Burst duration vs. number of GRBs detected by BATSE. The tao
peaks occur at ~0.3 and ~30 s (based on Meegan et al. 1994).




[lpoucxoxpeHue

» OCHOBHOWM BOMpPOC — rajlakTuyeckme unu
KoCcMoJiornyeckme?

» [anakTUn4eckne — TpyaHO 06bACHUTb U3OTPOMHOE
pacnpeaeneHme

» [anaKkTU4ecknue — TpyaHO 06bACHUTb OFPOMHOE
SHeproBblaeneHmne, npobaeMa KOMMNaKTHOCTU



GRB 970228 - nepBbin raMmMa-BCINECK C
PEHTIEHOBCKUM MOCSIECBEYEHNEM

28 Feb 1997 3 Mar 1997
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GRB 970508 - nepBoe namepeHne KpacHOro CMeLLeHNS
(z=0.835 ~7.5 MmnpA. net Ha3an)
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( red Sh Ift) teritatively identified with the z = 0.767 systam. 5, is the flux density, and o' is the
wavelength in A




lLikana paccTtoaHuu

» 1AU =
1.5x1013¢cm (150
MJTH. KM)

P Diajaxy = 30 KOK
(1 Nk = 3 CB.
roga = 3 x1018
CM)

» AHapomena = 780
KMNK
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The Shaw Prize in Astronomy (2011)

» Awarded in equal shares to Dr Enrico Costa, Director of
Research at the Institute of Space Astrophysics and Cosmic
Physics (Rome) of the National Institute of Astrophysics, Italy
and Dr Gerald J Fishman, Chief Scientist at the NASA -
Marshall Space Flight Center, USA for their leadership of space
missions that enabled the demonstration of the cosmological
origin of gamma ray bursts, the brightest sources known in the
universe.

Established under the auspices of Mr Run Run Shaw in
November 2002, the Prize honours individuals, regardless of
race, nationality, gender and religious belief, who have recently
achieved significant breakthrough in academic and scientific
research or applications and whose work has resulted in a
positive and profound impact on mankind. The Shaw Prize
consists of three annual prizes: Astronomy, Life Science and
Medicine, and Mathematical Sciences, each bearing a monetary
award of one million US dollars.



[TlocnecBevyeHNd

» Y ~95% ramMma-BCMN/IECKOB, 3apErMCTPUPOBAHHbIX

Swift-BAT perucrtpunpyercss peHTreHOBCKOe

nocnecseyeHune; y ~60%
nocnecee4yeHune
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Representative examples of X-ray afterglows of (#) long and (}) short Swift events with steep-to-shallow transitions (GRB050315,
050724), large X-ray flares (GRB050502B, 050724), and rapidly declining (GRB051210) and gradually declining (GRB05122Ia,

050826; flux scale divided by 100 for clarity) afterglows.




» BbicTpblie U spkmne peHTreHoBckune BenbiwKkn (Y ~50%
nocnecBeyYeHnn) — CBnAeTeNbCTBO NPoAO/IKAOLWENCS
AKTUBHOCTU LEHTPasibHON MaLUUHbI

P «CTaHOapTHbIN» TpeXCTaANNHbIA BUA
PEHTreHOBCKOIro nocsiecBevyeHnsa — pasfinvyHble gas3bl
B3aMMOAENCTBUSA C OKpYyXxatuwen cpeaon OTKpbITUE
PEKOpPAHO Aanekunx ramma-scnnieckoB (z=6.29, 8.2,
9.4)

» O6pbIBbl B KPpMBOW nocnecsevyeHust (B peHTreHOBCKOM
M ONTUYECKOM Amana3oHax) — BO3MOXHOCTb
onpeaesieHnsa yrna KoJammaumu



OHepreTnka raMma-BCrnnecKoB

» Loy iso ~10°1 — 10~%3pr/cek
» E..q iso 1098 = 10>%3pr (~10°° - 1 Mg, c2!!!)

L.,n ~4%x1033 3pr/cek
Lyw ~2Xx1044 3pr/cek
Lsnia, max ~10%3 apr/cek
Loso ~10%° apr/cek



Kocmuyeckas obcepaTopua Swift

» 3anyLleH Ha
SKBATOPUAJSIbHYIO
opbuty 20 nekabps
2004 r.

» Burst Alert Telescope
(BAT) 15-150 keV

» X-ray Telescope
(XRT) 0.2-10 keV

» Ultraviolet/Optical
Telescope (UVOT)

170-600 HM




CtpaTternsa HabnoaeHnn

= BAT triggers on GRB, calculates position to <4 arcmin

= Spacecraft autonomously slews to GRB position in 20-70 s

= XRT determines position to <5 arcseconds

= UVOT images field, transmits finding chart to ground

BAT Burst Image XRT Image
\ li ,/Ti g
P Gircle
T<10 sec T<100 sec
9< 4l 9< 5l|

UVOT Image

wvoT

'}

L4 “' -
o ;

\-

T<300 sec



[[aMMa-BCMNeckn Kak UHCTPYMEHT Ans
nccnenosaHma BceneHHoun

[ 1Al GRBs with z
I Konus-Wind long GRBs with z
I Konus-Wind short GRBs with z

Energy (erg)
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N30TpOMnHOEe 3HEeproBblAe/IEHME raMMa-
BCMJ/IECKOB

PacnpepeneHne no z 238 GRBs ¢
M3BECTHbIM KpaCHbIM cMeLleHneM n 88

BcnneckoB Konus-Wind (78 ANMHHbBIX U Mean redshift pre-Swift ~1.2

10 KOpOTKUX).
Mean redshift Swift ~2.5




[[aMMa-BCcnneckn Ha 60nbLUMX KPACHbIX

CMEeLWEeHNAX

GRB 09
630 million years

Atoms form:  Re-ionzation ends: Now:
400,000 B00-300 million 13.7 bilion
years yesars years

gure 2| The cosmic dark ages and GRB 090423, After the Big Bang, the Universe cools rapidly while
expanding. About 400,000 years after this event, free electrons and protons combine to form neutral
atoms, leaving a bath of background radiation that currently shines in the microwave part of the
electromagnetic spectram. Thereafter, the Universe remains neutral, until the first stars and galaxies

ight up at a later epoch. Photons emitted by these objects knock electrons out of atoms and ‘“re-ionize’

he Universe. Studies of the most distant galaxies and quasars suggest that the re-ionization process was
completed around 800 million to 900 million years after the Big Bang, but no information is available
about the cosmic ‘dark ages. Observations of y-ray bursts such as GRB 090423 (refs 1, 2), which occurred
about 630 million years after the Big Bang, offer a glimpse of the cosmic dark ages. (Adapted from ref. 15.)

GRB 090423 z=8.2
(~630 MnH. neT nocne
BonbLworo B3pbiBa;
COBPEMEHHbIN BO3pacT
BceneHHon ~13.7 mnpA.
ner)

GRB 090429B z ~9.4!

anoxa penoHusauun: z ~10
(Hauano), z ~6 (KoHeL)



» MpeablAyWwnm pekopacMeH — rajsakTnka Ha z=6.96
(B 2010 6b151@a OTKpbITA ranaktnka Ha z=8.55)

» YTO0 HaM AaloT raMMa-BCMNJIECKU Ha 6onbLINX Z?
(MoryT HabnoaaTbcs Ao z~20!)
-I3yyeHne nepBmMYHbIX ranakTuk
-NcTtopuna 3Be31006p30BaHUS
-JJIEMEHTHbIN COCTaB cpeabl



GRBs: short versus long

Short

Long

Host galaxy

Low/high SFR

High SFR, associated
with the brightest
regions of galaxies

SN association

No

Yes (Ib/c)

z (median)

~0.3

~1.8

X-ray afterglow

Not always observed,
~10 time weaker,

X-ray flares

Always observed,
X-ray flares

Optical afterglow

Often not observed;
weak when observed

Observed and bright for

most bursts

Progenitor

NS-NS/NS-BH/?

Core collapse of
massive star




el RhR RAA

Typical massive star

(“Wolf-Rayet” Star)

~

M>~25M

Sun

Auimnb ~10-3 maroT ramma- e
BCIIAECKH

Hypernova

Gamma Ray Burst

Black Hole ﬁ
(Chandra Image) "
il W

L










Progenitor
(massive star)

External
shocks

Internal

shocks Fe line
0y
O
X
Gamma-ray N
burst Fe line

Afterglow




Jet Signatures: Optical/X-ray

The et spreads
sideways quickly

The jel remains
within initial cone

Mo,

A
Jet
oreak

]
madiation s ¢
beamed into a
FMAErrosy Core

Piran, Scienké /g Fai 002 IS beamed
into a large cone




The Resolution of the Energy Crisis

= E,. — NoSHas BblAENMBLIAACS SHEPrus

" E o~ 2HEprusa B raMMa-amanasoHe

(M30TPOMHbLIN DKBUBAJIEHT)

Beaming:

0 ~ 1 rpagyca! 02/2~10+



KopoTkne ramma-Bcnnecku: obuias
KapTuHa

» Closely orbiting neutron stars (d ~< solar
radius) lose energy from gravitational
radiation.

» Systems known to exist (binary pulsars)
» Must eventually merge.

» Post-merger object quickly collapses to ‘//;7
black hole o

» Very high angular momentum of system :
accretion disk forms; falls onto black hole.

» Gravitational binding energy:

» GM2/R ~10°3 erg

» - Mpc/Gpc distances

» Timescale for collapse: <~1 second

lg\,



CrnnsaHne HENTPOHHbIX 3BE3/

SWIFT NEUTRON STAR
COLLISION V. 2

ANIMATION: DANA BERRY
310-441-1735

PRODUCED BY ERICA DREZEK




Possible emission sites in GRBs

-
-
ffff

-
- -

Central engine
Relativistic ejection

Photosphere <« @

Internal dissipafion in Y
optically thin regime —
(shocks or reconnection)

. External shc
Reverse shock

Contribution of each region ¢

Dissipation mechanism ¢
Radiative process ¢



Internal dissipation (1) photosphere

* PHOTOSPHERE: -The relativistic outflow becomes transparent
1
-Internal energy can be released as radiation

-Almost no theorefical uncertainties
(still: lateral geometry of the jet; initial magnetizatii

-Spectrum is quasi-thermal: exp. cutoff at high-er
PL at low-energy with

' .'
1 ]
1 I

i ]
\ ]

Planck — Photosphere

Spectrum

geometry

> E




Internal dissipation (1) photosphere

* PHOTOSPHERE: -The relativistic outflow becomes transparent
1
\ ,f -Internal energy can be released as radiation
i
\ ,: -Almost no theoretical uncertainties

-Spectrum is quasi-thermal

Planck — Photosphere — Dissipative Photosph:

Spectrum

geometry

synchrofron Comptonization

> E

= DISSIPATIVE PHOTOSPHERE:
-Sub-photospheric dissipation: non-thermal electrc

-Large uncertainties: details of the dissipation proc
neutron heating ¢ internal shocks ¢ reconnect

-Non thermal spectrum: Comptonization & Synchirr



Internal dissipation (2) optically thix
Non-thermal emission can be produced above the photosphere if ther
dissipation processes producing non-thermal electrons.

= INTERNAL SHOCKS:
1

SSC is ruled out by Fermi observations — Synchrotfron ¢
|
1
i
|

Bosnjak & Daigne 2(
-Assumes:

Piran et al. 2009
Variability of the central engine

'.' + low magnetization at large distc
i -Large uncertainties:

T —

RIS

microphysics (B amplification, e acceleration)

i
i
1
1
i

Rees & Meszaros 1994 ;

-Non-thermal spectrum, several components |
|

I
I
I
I
I
I

Kobayashi et al. 1997 ; Daigne & Mochkovitch 1998

= RECONNECTION:

i
\
1
1
\

-Assumes:

I
I
I
I
I

Variability + large mag. at large d
-Large uncertainties:
radius ¢ microphysics ¢

-Non-thermal spectrum



Light curves

All possible sites for the prompt emission can reproduce the observed v
light curves, but with important differences due to very different radii.

Photons emitted at higher |
' - arrive at later times
« curvature effect » - Delay




Spectrum (1) models Y

General shape (“Band”) / Low-energy photon index a (obs: a =-1)

» PHOTOSPHERE: ? a foo large except for peculiar lateral

Time-integ.

= DISSIPATIVE PHOTOSPH.: -a correct (depends on magnetizatior

= INTERNAL SHOCKS: ? -Synchrotron only: a = -3/2 (fast coolin
(a) Daigne et al. 11 ; Beniamini & Piran 13 -Possible mechanisms to increase o

(b) Derishev et al. 01 ; Bosnjak et al. 09 ; a) Marainally fast cooling
Wang et al. 09 ; Daigne et al. 11 ( ) 9 Y g.

(c) Derishev 07 ; Lemoine 13 ; (b) IC in KN regime ; (c) B decay
Uhm & Zhang 14 ; Z7hao et al. 14

= RECONNECTION: ? -a. correct ¢ (slow heating in turbulent
Uhm & Zhang 2014



The end of the prompt emission:
X-ray early steep decay

= A natural explanation: high-latitude emission from the prompt (fits well .
See Willingale's talk

-(Dissipative) photosphere: (radius is too small)
-Internal shocks: (final radius of the order of I'? ¢ 1)
-Reconnection: (final radius 2)

GRBO61121
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summary

Understanding the physical origin of the GRB emission is difficult, especial
the prompt emission.

=Dissipative photospheres are promising, however:

- sfrong constraints on the unknown dissipation process
- "Y*complicated” model: different mechanisms for different compone
in the prompt (soft y-rays, optical, GeV)

sReconnection above the photosphere looks promising, however:

- uncertainties both on the dynamics and the microphysics

- difficult to conclude without any predictions for the spectrum

- potential problem with the spectral shape (broadening by multi-ernr
sinternal shocks can produce emission from optical to GeV. The model
explored in details (spectral evolution, etc.). Results are promising, howen

- large uncertainties on the microphysics

- is there a problem with a ¢ With the efficiency ¢
- is there a problem with the general shape of the spectrum 2 (too br
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Canonical X-ray Afterglow

Swift/XRT light curve of GRE 080729
blue: WT — red: PC

1 1 | I
\ Initial rapid decay

to have th
” plateau fOI‘m

o 5 re-Swift
M mmm wwh it ] p

MM\. ;
Orbit gaps %HF

We can track the
N R B afterglow to ve

e 1 l flux levels
Time since BAT trigger (s)

(Nousek et al. 2006, Evans et al. 2007)



Prompt through afterglow

To date fitted 128 GRBs with
prompt + afterglow model

CRIEOE0E! 4 XAT

Initial afterglow decay always fit by
latitude emission from pulses

Plateau and final decay a separate
component — external shock

Energy injection continues until end
plateau

ergscm ™ &7 0.3 =350 keV

1e+01 1e+03

time from start of 1st pulse s



X-ray flares

" T'-i

Ha
7

h A GRB 060607TA XRT 15-10 keV [

*Erﬂ-jfl‘l*v! \%}L; Contlnued prompt

activity not seen by
BAT

50403 Chincarini et al. (2007)

seconds since fngoer

GRB 060607TA XRT 0.3-1.5 keV

Empirical afterglow model
Willingale et al. (2007)

S5a+02 5e+03

seconds since frigger



Late breaks

Sometimes a late
break is seen

achromatic

Jet breaks?




Fermi observations of GRBs

/ : ; :.v:'é”‘" | 9‘\,\
Fermi GRBs as of 140620 Ly

€ ;
S ermil S & o
/ Gamma-ray

/ Space Telescope

/» ; , ' »
180 :. i * 1 x % j,

1386 GBM GRBs
79 LAT GRBs
In Field-of-view of LAT (718)
Qut of Field-of-view of LAT (670)

* The GBM detects ~240 GRBs / year, ~45 of them are short GRBs

e Thal AT ccanmnce AN0/ AfF DA DD 1m 1% fiald AF viieswar sahhmsvin A0N0 MNMal/



/i
GRB 090926A multi-detector light curve

s ermi
Gamma-ray
S GEE‘TEESED e T T T 3
/ " e L GRB020926181 3
_ 500 Nal (8 eV - 20 ke Nal 8keV-20key 7600
L @ 1z
* Correlated variability in £ oof 14000 w
various bands with a S - ! Ackermann et al. 2013, ApJS 209, 11 =
} 500 : 2000
sharp spike at T+10 s : | l . . :
— All energy ranges €000 - GRESHONZEINT, o) Nal 20keV-250KkeV  Jas000
synchronized (<50 ms) & sooof | 103
2 - | — 20000
— Low and high energies are § 4000 - T : . <
co-located or even causally 0 ’ | - 10000
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SGam?a-ray
pace | elescope
/ Ackermann et al. 2013, ApJS 209, 11
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* GeV emission onset is delayed and temporally extended

— Most (but not all) of this emission likely comes from early afterglow: external shock — synchrotron
emission from accelerated electrons

— Confirmed by individual broad-band (visible to GeV domains) analyses (GRBs 090510, 110731A)

— Late internal shocks (inverse Compton scattering) or hadronic emission (proton synchrotron and/or
photopion-induced cascades) still possible
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/ Space Telescope

GRB 090926A broad-band spectrum

Ackermann et al. 2011, ApJ 729, 114

- E_=22x10%erg T T T T T T ]
: Time-integrated photon spectrum (3.3 5 -21.6 )
* Extra component (power I@N) 0E E
— Starts delayed (~9 s) g : .
— Persists at longer times E ]
— Dominates > 10 MeV T E
107 ' : ! H . . a
* Spectral cutoff - .
— Significant in bin c, - R
marginally in bin d ot e c —
— Shape not constrained E - N - 4d -
R 07 = —_— [a]:0.0 B—S,SBiI.a.al;‘-d} =
* First measurement of the - 5535 o 57 2 Band) .
jet Lorentz factor: I" ~ 200-700 — [E875- 1053 @end + CUTPL i
—  If cutoff due to yy absorption ribser e Bt ™
_ MDdeI dependent 'I[Z'_n ._;.J_....J41_;:'..__......_L..L.J_;....;:I}._I...__4._.J.-J._L...4...;.I}.}__.._;.._.._4._._4.“.1..;;..__..._..;..;_J.J.'.J;Es_..__..._...._.._..;_L.;.D.ﬁ.._._a.._a._a...._._._
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/ SpaceTelescopE
* The Band function is no longer the best phenomenological model
— Deviation from the Band function at low energy
— Additional power law component at high energy
— High-energy cutoff measured in the spectrum

— Broad-band physical models are needed (Cf talks on emission mechanisms later this week)

Broad-band spectral properties

Abdo et al. 2009, ApJL 706, 138

Ackermann et al. 2010, ApJ 716, 1178 (See also Ryde et al. 2010, ApJ 709, L172)
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GBM & LAT fluences

/ Space Telescope

* Not surprisingly, LAT GRBs are among the most fluent GBM GRBs
* Short GRBs (LAT fluence > GBM fluence) are harder than long GRBs
(LAT/GBM fluence ~10%)
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/ Space Telescope

X-ray Luminosity (erg s')

X-ray Luminosity (erg s™)

LAT bursts: bright, fluent and energetic
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e Comparing Swift and Fermi GRB samples:

Butler et al. 2007, ApJ 671, 656

(see also Sakamoto et al. 2011, ApJS 195, 2)

Racusin et al. 2011, ApJ 738, 138
Goldstein et al. 2012, ApJS 199, 19
Ackermann et al. 2013, ApJS 209, 11
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® Quantum Gravity (QG) effects at Planck
scale (E,__,=1.2x 10" GeV) may induce

an energy-dependent speed of light
(Lorentz Invariance Violation):

n+1 ( E )”]
2 \Eaa

”ph(E) >~ c X [1 +

with n=1or 2

® Time-of-flight technique: 3 methods applied

on Fermi-LAT bright GRBs
AFE

® Robust and well tested analysis,
including GRB-intrinsic effects

— the most stringent limits ever

® Results in the linear case (n=1):
- E>T6XE; 95%)

— Theoretical models predicting

Eqs = Ep,, are excluded

lanck (

At " ( ) EPlerlc:k L
10ms  \1GeV Eqc 1 Gpc

-y
]

1,5 =+1)

—

Lower Limit on E,/E,, (n
S

Constraining LIV with LAT GRB photons

Abdo et al. 2009, Nature 462, 331
Vasileiou et al. 2013, PRD 87, 122001

_""' LR o B ""'_ PV
ESMM
_ | pemL
241 . -
- 95% | GRBO0905
— ; —
: i .
S ¥ & $
_‘gll..lgl...l...l...ll. |.§.|_
1 15 2 25 3 35 45
T Redshift

® Qur best constraints from GRB 090510 (z=0.93)

— 31 GeV photon coincident with a narrow (~0.4 s) pulse
— Dispersion <= ms/GeV
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/ Space Telescope
» GRB population studies at high energy are now possible with Fermi
— LAT bursts are bright, fluent & energetic
— GRB >100 MeV emission is delayed & temporally extended w.r.t. the emission in the MeV range
— Short and long GRBs seem to have similar high-energy properties
— The distribution of GRB jet Lorentz factors might be broad

Summary and conclusions

*  Prompt emission phase observed over a wide energy range
— Complex spectral shapes are needed to reproduce the spectrum
— Origin of the delayed onset of the LAT >100 MeV emission?
— Transition from prompt emission phase to early afterglow phase?
* Long-lived GeV emission is consistent with the canonical afterglow model




Polarization of prompt gamma-ray emission

GRB 110301A

» Gamma-ray burst polarimeter (GAP) aboard IKARQOS solar
sail mission measured linear polarization for 3 bright
GRBs: GRB 100826A, 11=27+11% (2.95), GRB 110721A,
[M1=70+22% (3.7c), GRB 110301A 11=84(-28,+16)%
(3.30)

2000 4000 60DO

Count rate (counts/s)

3000 O

GRB 110721A

2000

» Synchrotron emission in globally ordered field(?) (may be
advected from the central engine through the jet)

1000

0
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E 3 E“ E EIF

0 10
Time si GRB tri

Plastlc Scintillator

R6041
Super Bialkali

I HVu nt(CsH II HV unit (Plastic) I

Lead 0.5mm thickness

IKAROS = Interplanetary Kite-craft
Accelerated by the Radiation Of the Sun



Short-hard GRBs- another population

Identified as a
distinct population 1n
1981 by Mazets et al.
in a series of papers
on the KONUS
experiment on
e Venera 11 & 12.

Ts,s

Fig. 164

A. THE DISTRIBUTION OF BURSTS IN DURATION

The essential differences in the gamma-burst time structure are reflected in the
distribution of the observed events in duration T,. Figure 164 shows an experi-
mental distribution drawn for 143 events. It displays the number of bursts per
equal logarithmic interval of T,. Since some of the bursts may have long tails,

the duration of the event in this case is taken to be the interval of time within
which fall 80-90% of the measured burst intensity S. The distribution differs
substantially from the uniform one. The main peak in the distribution is
connected primarily with single and multipulse bursts. The right-hand wing is
composed of double and long structureless bursts. Narrow peak in the beginning
of the graph indicates the existence of a separate class of short bursts.



Short-hard GRBs-~ another population

Around 25% of BATSE GRBs
were “short”, but:

 Populations obviously
overlap

« Detector dependent (e.q.
Swift sees fewer sGRBs,
with “borderline” probably
rather shorter).

Wl ° Both axes redshaft
0.1 10 100 1000 dependent (1n complicated

t,, (seconds)

After Kouvellotou et al. 1993 ways)




Short~duratlon burStS i@ray afterglows fainter than for

GRBs (several cases have no
detection despite prompt slew).
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Short-duration bursts

Generally lower
luminosity (hence
lower <z>~0.5)

Never associated with
supernovae.

May break into sub-classes e.g.
a proportion have “extended
soft emission”.

Optical afterglows usually also
very taint with weak spectral
features — hard to find and
hard to obtain redshifts (in

practice, nearly always rely on

host redshift).
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Short-hard GRBs - compact binary mergers?

e.g. GRB0O90515
* Associated with a range of host stellar populations. afterglow R~26.5 at 2
hours post burst. No

« Sometimes apparently far from their host. obvious host.

Sub—arcsec loc. + XRT
Sample: 36

the number assocw.ted' Vit

~1 OOS Myr are most common

Fong et al. 2013



Short-hard GRBs- prospects for GW
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Compact binary mergers are best candidate systems
for detection with next generation of gravitational
wave detectors e.g. A-LIGO, from ~2015.
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[leTekTnpoBaHme rpaBUTaLMOHHbIX BOJTH
oT GRBs

» ground-based interferometric GW detectors: LIGO (Laser
Interferometer Gravitational-Wave Observatory), Virgo,
GEOG600 (Initial sensitivity NS-NS for D <~15 Mpc)

» Second generation detectors: Advanced LIGO and Advanced
Virgo (2015), Large Scale Cryogenic Gravitational Wave
Telescope (LCGT) (2018). The detectors are designed to
observe:

-  NS-NS mergers to an average distance of 200 Mpc (z ~0.05), and
- NS-BH mergers to 400 Mpc (z ~0.1).
- Predicted rates: NS-NS 40 yr' (0.4-400),

FIGURE 4. Schematic drawing of a ground-based laser interferometer for GW detection. The beam
splitter sends light down the two arms: the beams are then interfered at the photodetector. A passing

GW changes the arm lengths. causing phase changes in the laser beams. These phase changes appear in
the interference patterns at the photo detector, giving the GW signal. Figure courtesy of the LIGO
Laboratorv. used with permiss
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GRB 1 3 O 6 O SB Comparison to Barnes &

Kasen (2013) models

Time since GRB 130603B (days) suggests ejected mass
1 10

= X—ray
* F'606W
* F160W

significant (possibly
ant) productior

1n universe.
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X—-ray flux (ergs s-! ecm2)

KN emission likely to be
roughly 1sotropic and
environment independent.
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r-process

» Aapa 3a rpynnon xenesa (A>90-
100) Ao/mKHbI MOPMMPOBATLCS 3a
CYeT 3axBaTa HEUTPOHOB

» /[1Ba npouecca 3axBaTa — MeAJIEHHbIN
(S) 1 BbICTpbIN (r): T,<< T, WU T,
>> 1,

» CnnssHME HEMTPOHHbIX 3BE34 MOXET
NOTHOCTbIO O6BACHUTDL
PacrnpoCTPaAHEHHOCTb 3/IEMEHTOB C

> A >~ 130




Conclusions and prospects

* Compelling evidence that compact object mergers produce both sGRBs and r~

* All such searches will require significant dedicated follow-~up and effort in
chasing down false positive detections.




HenTtpuHo BbicOKnx aHeprun ot GRBs

GRBs — kanamaaTtbl B UctovHnkn KJT ceepxBbicokmnx aHeprun (E>1018 eV)
B3anmogencrteme NpOTOHOB BLICOKUX SHEPTNM C raMMa-nu3nyyYyeHnem
OOIMKHO NpW BOAUTL K reHepaunmn HENTPUHO BbICOKUX SHEPTUN

(nopor E E =0.2I°GeV “ T.e. ana I'=300 n E=1MeV, E, ~10%° eV)
~5% 3Heprum NpoToHa nepexoguT B HEMTPUHO, T.e. E, >~ 104 eV
' E, ~100 TeV -10 PeV (10%4-10%7 eV)

Oxngaembin NOTOK HENTPUHO:

2, nodT reswn
E: i) y = (). _[_I_7 E: i) M

L w
w 3

AN 1 —8 — T — 2
= 0.9 « 10~° 0 GeVem s !

Ona petektopa ~1 km?3 Takoin notok gaet ~20 cobbiTuU B rofg,
HabntiogeHmna HEUTPUHO BbICOKMX 3Heprum gano 6el beccnopHoe
OoKasaTenbCcTBO Toro, 4to B GRBS npouncxoanT yckopeHne agpoHoB 40
CBEPXBbICOKNX SHEPrum
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&ICECUBE

50 m

IceCube Laboratory

Data is collected here and
sent by satellite to the data
warehouse at UW-Madison

Digital Optical
Module (DOM) 2450 m

5,160 DOMs
deployed in the ice

it

.rr”'rl”|\|

86 strings of DOMs,
set 125 meters apart

Amundsen-Scott South
Pole Station, Antarctica

A National Science Foundation-
managed research facilityg

T

60 DOMs
on each
string

How does IceCube work?

When a neutrino interacts with the Antarctic ice, it creates other particles. In
this event graphic, a muon was created that traveled through the detector
almost at the speed of light. The pattern and the amount of light recorded
by the IceCube sensors indicate the particle’s direction and energy.

| Each DOM is shown {11 11| Color indicates arival time:

by a white dot | 1111 1|| red first, green last Il
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Size scales with the |
amount of recorded Ilght 1

date: November 1,2, 2010-dura Onr 3, 800 nanoseéonds energy 71.4TeV
declination: -0:4° rrght ascensron‘ 110" nrckname Dr Strangepork



Pe3ynbTaTbl IceCube no

namepenHunto HemtpuHo ot GRBs

» HalpeH BeEpxXHWUA Npeaen Ha
NOTOK BbICOKO3HEPreTUYHbIX
HENTPUHO, KOTOPbIN MO
KpanHen mepe B 3.7 pa3a
HUXe NnpeackasaHHOro

» 5710 03HayaeT, uto uanm GRBs
HEe eANHCTBEHHbIE UCTOYHUNKM
UHECR nnun adpeKTUBHOCTb
reHepaumm Taknx HENTPUHO B
GRBs HaMHOro meHsbLle
npeackasaHHOU
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Figure 3 | Compatibility of some neutrino flux predictions based on cosmic
ray production in GRBs with observations. The cross-hatched area
(TC40+59 Allowed 90% CL") shows the 90% confidence allowed values of the
neutrino flux (vertical axes, as in Fig. 1) versus the neutrino break energy (z,) in
comparison to model predictions with c'~.11111 ated uncertainties (points); the
L.u:lu_l llnr_' labelled "1C50+59 Jdll.m ed 95% CL’ L.huw. the uppv:r I_unmtl of the

COrres mndln'- to the A resonance for p—y inlt*ran:tiunain Lhei'ramr: r..li' lhe shock.



