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ANATOMY OF A BURST

When a black hole forms from a collapsed stellar core, it
generates an explosive flash called a y-ray burst. Contrary
to earlier thinking, evidence now suggests that the glowing Afterglow
fireball produces more y-rays than do the shock waves
from the blast. Synchrotron
radiation
Thermal
radiation

Black hole

Clalellal=
) - 1 FIREBALL 2 FIREBALL IS 3 SHOCK WAVES 4 ELECTRONS HIT
Prompt " IS OPAQUE TRANSPARENT ACCELERATE ELECTRONS  INTERSTELLAR
Lo Electron-photon Thermal radiation y-rays are emitted by MEDIUM
emission interactions includes y-rays accelerated electrons and  They rapidly decelerate,
prevent light emitted by high- boosted to high energies emitting optical light
Afterglow from escaping. temperature plasma.  through scattering. and X-rays.
*Classical Internal-external shock model. *Photospheric models:
“well studies/understood ‘many variations, very active research
*good description of general phenomenology *support from observations not firmly

efficiency of IS Is a long-standing problem estapilishea
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GRB 130427A
From Visible Light to Gamma Rays
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High-energy photons: a chalienge

Synch. emission very problematic
|C would predict spectral evolution

10" '
= o 0T GBM photon flux
2 f g = i
109 8 |
I L, 0.005
107 p—— +'*""'qr!' 3
B | ey e g — 3
1{}4_— - fre— o e 10 T T T T T ITTm T T 1T T Tl _ =
- b ""ﬁ.}.hn ﬂgu . S = : T ! T T T | I EER : -
10° E /\'\b u-' Ry | Time since trigoer =) Ackermann et al. 2014, Science 34% 42 T
. [ B e i L I
T 10°F T | TEaa P S : : | Extremely fast acceleration (less realistic):
:_[_. -—[- - *‘h‘ T TorlUR - IR | 5 el s Bl s i s 2 : : acceleration taking place on the inverse of
107 3 I -H_H: _I_ = 102 - : : the Larmor angular frequency t__~t /2T
a __ . “ : — E
O i B s ———
109 & GBM(10kev - 10 MeV, ergcm  s1) : Py 0 - O
; XRT+BAT (0.3-10 keV, erg cm % ) : T o] L z
10710 - + LAT energy flux (0.1-100 GeV, erg cm 7 571} _ _ T s 1 wind, adiabatic, r“ =000
C == LAT photon flux (0.1-100 GeV, ph, cm ? 5°*) 5 10°F E wind, adiabatic, I'; = 1000
=11 | : & o
101 5-_ I I | | 1 IIIIII 1 | IIIIII L Illl!l I I:I IIIIII | | [ IIIIII I_ : : m‘nd[adiabaﬁcl rn=m0
§ x—2.0r { ][.’['#]"l'h'hﬁ—[-n-}{-"} ++ '. | , - - - . N
20T v—-l—' ; | s e wind, radiative, I, = 1000
E Emzﬁ— : aF - :‘- . ‘-. ‘ x\ x ;
_BUT——I I I | I = 10u 1l Illllli L1 ||I|||l Il L1l II| I.Iw .ﬂaﬁull L r|||| el II:L'P" tSM‘ aﬂlaham’ rn_ 100“
1 1 L1 1111 1 1 | I 1 1 1 1 1811 I I:III.III 1 1 I 1 1111 1 '1 - " -
S 10° . . | 10% 10 10° 10" 10*° 10° 10* 10° ISM, radiative, I, = 1000
L - + ® " :
gﬁ 5 g el W o Dl e Time Since Trigger [sec]
E = Ege 'i ¢ .. . iw .' .
Eglnn """' "'*
c e * } i !" : u:'; ’ : = :
v 10‘1 I I | [ | IIIIII SII‘I‘ Telﬂﬂlﬂgmaﬂll I IE:'rnI'sIIII!IE A I.II1III 1
010° 10 10° 10" 10* 10°

Time since trigger (s)



vF, (ergicm’/s)

vF, (erg/cm’/s)

LINK {0 m-m

‘High-energy photons (> 10 GeV) are particularly

GRB 090926A: spectral cutoff intrepreted interesting for m-m observations

as g-g opacity -> Gamma ~ 220 - 700

(Mmodeling uncertainties) *'show that GRBs are very good particle accelerator
°+ variability -> constrain Lorentz factor
; Time-integrated photon speQill 3.3 5 - 21.65) *GRBs can accelerate CR up to 10720 eV (Dermer
e . et al. 2010)
i E B [ | | I | | | ]
109 e et T _ 1200~ a---a ISM (Adiabatic) 1
2 = s & o-© ISM (Radiative) .
10 = *—E 1000 L ° ¢—o Wind il
E E - . o Y
: s s [ A i
S v v
i - & 8001 ¢ g % by ]
o E £ d by v $
- - o 600 | 6 4o =
" ; = | ¢ v
s - = - : 11 3 -9
- A 400} Al 3 3 8§
10 3 {8]: 0.0 s - 3.3 s (Band) E= B d v v Al
E 7| e [b]: 3.3 8 = 8.7 s (Band) = E :? 3 j.? I -
B e [c]: 9.7 5 - 105 5 (Band + CUTPL) i 200 5 | ¢ -
= [d): 10.5 5 - 21.6 s (Band + PL} 2 g = F {bI 3 :
10 ......1|l:I R ..“I.E.:f e .....1.';:Is sy I“”.r?:-f A ..-.'-,.1.:}5 4y I.I”.I.,,;E R M T e 2 {]' | | = | | I I I = | |
Energy (keV) f & P S PFFE
F&FFFHE & &S
Fig. 32.— Bulk Lorentz factors of the LAT bursts derived on the assumption that the peak Hux

time in the LAT (Fig. 14) represents the fireball-deceleration time through Eqgs. (7) and (8). We
also assumed a constant ISM density of n = 1 em™, a wind parameter with A, = 0.1 and a kinetic
energy four times the y-ray energy, Ej iso = 4 X E, is, for this illustrative plot. The range of I'p in
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Cosmic rays C Gamma rays
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UHECR AND GRBS

‘In the internal shock model protons are
expected to be accelerated as well

*Efficiency of p acceleration depends on the
collision radius:

R.=T%cdt,/(1+ 2)

‘For GRB 090Q26A, Rc ~ 4 X 108 km ->
UHECR

*GRBs might be too rare within the GZK radius
to explain the very end of the spectrum:

*estimates depend on Intergalactic
Magnetic Field, beaming factor, GRB
rate..



THE NEUTRINO CONNECTION

'Different proton escape regimes in internal shocks;

*protons are confined, but photoadronic interactions -> neutrons + neutrinos
which escape (1 neutrino per neutron with 1:1:1 ratio)

*protons escape from the side of the jet (‘'direct escape’) -> very few neutrinos

“all hadrons are confined due to many photoadronic interactions -> many
neutrinos, no CRs
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ICECUBE LIMITS

*searches for coincidences between
GRBs and neutrino did not return any
significant result

constraints on simple 1-CR-1-neutrino
model for IS is constraining, assuming
same zone for CR and gamma
production

Simple IS model

lceCube coll. 2016
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BOTH GRB MODELS
FAMILIES SURVIVE

ceCube limits constrain simple
versions of the GRB models

‘Both photospheric model and IS model
survive In more refined versions

*10 yr of lceCube should reduce limits
by ~an order of magnitude

*very important constraints



Crashing neutron stars can make gamma-ray burst jets

Magnetic fields

*GRBs are divided in short /

(A __ ., long
B e 27 | | *Short GRBs are thought to
' come from NS-NS or BH-NS
mergers
bt neid ‘strong emitters of

I __emerges

5ee Nicolas presentation on
Tue as well as many
presentations on Wednesday

/
Black hole forms

Mass: 2.9 suns

Horizon diameter: 5.6 miles (9 km)

Credit: NASAYAENZIB/M. Koppitz and L. Rezzoll:

Rezzolla 2011



GRAVITATIONAL

WAVES

*The LIGO detection of 3 BH-BH
mergers opened up the GW era

Binary coalescence search
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Rale prediction

*GW detection of N5-NS or NS-BH merger:

°0.08 - 30 per year (hominal
LIGO/VIRGO configuration)

‘simultaneous GW - EM detection with GBM:

"0.01 - 2 peryear

LIGO/Virgo detection horizon for
on-axis events with favorable sky
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SURPRISE!

‘BH-BH mergers are not expected to produce em.
signal, as they are ‘clean systems

‘Fermi/GBM saw a blip 0.4 s after the GW event

Seconds from GW TO *significance is low (2.9 sigma)
| F *tension with INTEGRAL/ACS non-detection

*Greiner et al. found a lower significance
using different detector selections and
different methods

‘The next LIGO/VIRGO runs should clear out this
tension, either with a stronger detection or with a
null detection

Seconds from GW TO



*GRB models start to be
constrained by all messengers
together

*A truly multi-messenger

problem GRB models Neutrino

CRs



