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GAMMA RAY BURSTS

What triggers them?

- What determines the timescales?

Beaming and its effects?
Internal dynamics & radiation properties?

Environment & its effects?
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¥~RAY COUNTS
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GRB TIME PROFILES
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COSMOLOGICAL GRB :

Basic Numbers

® Zoros0s < 0.83 | Zgrions ~ 3.4,
—D~10% cm - 10¥ em

o fluence F' = flur.dt ~10™° — 107% erg

=
E’Y ~ 1051(9/47T)D%8F_6 - 1054(9/47T)D%QF_5 erg

~ (GMZ/Rys)(Q/4m)

(~ energy release in a supernova)

e Rate ~ 1/day observed at Earth
— only 107%(Q2/4m)~! events/yr/galaxy
(i.e., could be ~ 10* times rarer than supernovae)
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o2 —-5M, BLACK HOLE, orbited by
< 0.1 My, torus of neutron star density

E%\ S
MNEUTRON TORY S NEBTROU TorvS

Could arise from:

— NS-NS or NS-BH mergers
(known to exist, merger stats. ~ reliable)

— Collapse of rotating massive star :
(failed SN Ib, binary Wolf-Rayet star )
— He-BH or WD-BH merger
(from Red Giant/BH inspiral, common env.)

e Energy Available:

— Orbital/Internal energy of torus (S 0.4M;yryusc?)
— Spin energy of black hole (S 0.3Mj,00.6%)
— 10°3(47/Q) — 10%4(47/Q) ergs
— 10% — 10°% erg “isotropized” (£ = 1072)
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Requirements for a Viable Model

Two Mechanisms might allow high-I" energy escape

¢ Thermal Neutrinos: v — e*,y '
= ) Ruffert et al..®3
but: L+ S 10°1(47/Q) erg ( AdA 319,121)

o Electromagnetic Torques :

— Field threading torus extracts orbital energy
(c.f. pulsar winds);

— Field threading BH extracts hole’s spin energy
(via Blandford-Znajek mechanism)

— Luminosity requires B amplifies to 10 G
— Orbital timescale ~ ms, but debris must
(sometimes) persist for up to ~ 10* orbits

— QOutflow is naturally collimated (c.f. AGN,
Q~ 107! —107%) — POYNTING JETS
Lyap ~ L(F,"f ™~ 1054(47T/Q) €rg
Meszaros § Rees CE ApdL 442 L2%

Paceynski ‘99 AplL, 494, L4s
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TIMESCALES:

what causes them?

Acceptable models require that torus should not drain
into hole too soon (e.g. bar-mode instab, grav. rad.,
etc). This depends on viscosity, neutrino cooling,
convection, magnetic fields, etc

e B = 10'® G can be generated by convect. instab. 1n
hot torus, which stops after neutrino cooling
occurred, t ~ 1 —10s

e In cold torus, Balbus-Hawley generates azimuthal
fields By ~ 1017 G (buoyancy limit, — poloidal field
B, ~ 1015 G); builds from seed field B ~ 10 G in
10° turns or t ~ 16P_3 s

e After B2 builds up to some fraction of equipartition,
— magnetic viscoslty
o ~ B2/(4mpv?) ~ 1071 Bpi3 Ty b For outer
radius 74, ~ 10° cm, accretion tlmescale 1S
t~ (af2)” N30T3/O.f e

e Short and long bursts? One possibility: NS-NS—
small disk, short burst; while He/WD-BH merger —

larger disk, longer burst.
... Others
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» More speculative possibilities:
a) merger — rotation stabilized massive high-field
pulsar burst, after slow-down collapse to BH — 2nd
burst (7)
b) NS merges with NS of unequal mass, larger gains
mass — BH+torus burst, smaller loses gradually
more mass until below crit. mass — explosive
deleptonization — 2nd burst (?)

c) ...
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