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@ NEW MANIFESTATIONS

- DISCUSSED:
-~ (LONG) GAMMA-RAY BURST. AFTERGLOWS AND CENTRAL ENGINES
~ ACCRETION ONTO BLACK HOLES

~ STRONGLY-MAGNETIZED NEUTRON STARS: MAGNETARS

- OMITTED:

~ ACCRETION-POWERED AND NUCLEAR-POWERED MS X-RAY PULSARS

~ WHITE DWARF POPULATIONS AND X-RAY SOURCES IN GLOBULAR CLUSTERS
~ X-RAY QUASI-PERIODIC OSCILLATIONS (QPOS) IN ACCRETING SOURCES

~ ULTRA-LUMINOUS X-RAY SOURCES AND INTERMEDIATE-MASS BLACK HOLES

~ SUPERNOVA REMNANTS




GAMMA-RAY BURTS




@ GAMMA-RAY BURST AFTERGLOWS

- 30 YEARS AFTER GRB DISCOVERY, DETECTION OF AN X-RAY AFTERGLOW

COSTAET AL. (1997)
BeppoSAk observation of GRBS7022E field BeppoSaX cbservation of GREA7022A field
sax MECS 1997 Feb 28 Exposure: 14334 = SAX MECS 1997 Mar 3 Exposure: 16272 =
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- DISCOVERY OF OPTICAL AND RADIO AFTERGLOWS FOLLOWED QUICKLY




@ GAMMA-RAY BURST AFTERGLOWS

- DISAPPEARANCE OF SCINTILLATION
CONFIRMS THE FIREBALL MODEL
(NON-RELATIVISTIC EXPANSION)

FRAILET AL. (1997)
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- IDENTIFICATION OF
HosT GALAXIES AT
COSMOLOGICAL
DISTANCES

VAN PARADIJS ET AL. (1997)
METZGER ET AL. (1997)




@ LONG GRB / SUPERNOVA ASSOCIATION

SPECTROSCOPY PHOTOMETRY
GREB 03032%/3N 2003dh
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STANEK, MATHESON ET AL. (2003)

[EARLIER TENTATIVE: GRB980425 + SN 1998BW (GALAMA ET AL.1998)]
STRONG SUPERNOVA / WEAK GRB




@ GAMMA-RAY BURSTS AS JETTED SUPERNOVAE

Supernova

Snapd & - JET MODELS
[UT:PANAITESCU, KUMAR]

- ENVIRONMENT

-~ X-RAY LINES

~ X-RAY/ OPTICALLY DARK CASES
~ POLARIZATION

~ NEW CLASS OF X-RAY FLASHES

-2 “HYPERNOVA/COLLAPSAR”
CENTRAL ENGINE MODELS




MASSIVE STAR CORE-COLLAPSE

~ COUPLED STELLAR AND
ANGULAR MOMENTUM
EVOLUTIONS

~ INITIAL CONDITION FOR
COLLAPSE SIMULATIONS

~ CORE-COLLAPSE
OUTCOME IS SENSITIVE
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FRYER & HEGER (2000)

— JAMS

central H exhaustion
- - - - central He exhaustion
mama— core collapse




© COLLAPSAR: MHD SIMULATIONS (2D)

PROGA ET AL. (2003)

log density

- POLAR OUTFLOW

- MHD TRANSPORT

——= = D 00 ~ O

- HEAT ADVECTION

[EARLIER HYDRO:
MACFADYEN &
WOOSLEY
(1999,2001)]




@ SELECTED OPEN ISSUES: GRBS

~ DIFFERENT NATURE OF SHORT GAMMA-RAY BURSTS?

~ GLOBAL ENERGETICS, BEAMING, JET STRUCTURE FOR LONG GRBS

~ CONTINUUM BETWEEN SUPERNOVAE AND GRBS (AMOUNT OF ROTATION?)

~ “EXPLOSION” MECHANISM: SUCCESSFUL VS. DELAYED VS. FAILED SUPERNOVAE
(SHOCK, WEAK SHOCK, NO SHOCK)

~ ENERGY “CHANNEL”: BH ACCRETION (WIND?) VS. BH sPIN (UET?) vS. MHD+ROTATION

~ PROGENITOR: STELLAR EVOLUTION, ANGULAR MOMENTUM DISTRIBUTION AT COLLAPSE

- OBSERVATIONAL FUTURE. SWIFT (2004)




BLACK HOLE ACCRETION




@ BLACK HOLE ACCRETION:. GALACTIC CENTER

CHANDRA IMAGE BAGANOFF ET AL. (2003)
NARAYAN & COLLABORATORS

~ MASSIVE BLACK HOLE OF
2.5 x10°% SOLAR MASSES

~ BONDI ACCRETION RATE
DIRECTLY ESTIMATED
FROM X-RAY IMAGE

- BLACK HOLE ACCRETION
UNDERLUMINOUS BY SEVERAL
ORDERS OF MAGNITUDE

~ CONCEPT OF HEAT ADVECTION
IN HOT FLOW;
“ADAF”




@ BLACK HOLE ACCRETION:. GALACTIC BINARIES
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@ BLACK HOLE ACCRETION: MHD SIMULATIONS

DENSITY EVOLUTION

Hot, unconfined Corenal Envelope

MAGNETO-ROTATIONAL INSTABILITY

FULL (STATIC) GR MHD, KERR BH,
PROGRADE ADIABATIC TORUS o\ “1 %1-R

DE VILLIERS & HAWLEY (2003)
HAWLEY & BALBUS (2002)




@ SELECTED OPEN ISSUES: BH ACCRETION

~ GLOBAL STRUCTURE OF FLOWS WITH ADVECTION (WIND?)

~ NATURE OF FLOW NEAR THE BLACK HOLE (MARGINALLY STABLE ORBIT, ETC...)
~ FEASIBILITY OF BH SPIN EXTRACTION, ORIGIN OF JETS

~ COLLISION-LESS NATURE OF FLOW (TURBULENCE, PARTICLE HEATING)

~ MEASURE OF BH SPIN VIA BROADENED IRON LINE?

> OBSERVATIONAL FUTURE: CONSTELLATION-X (201 1)
BLACK HOLE IMAGER (?)




NEUTRON STARS




[ ESS MASSIVE STARS. NEUTRON STARS

Birth of a Neutron Star and Supernova Remnant

(not to scale)

A A

e : —

neutron star

v v

Core Implosion —> Supernova Explosion ——> Supernova Remnant

red giant

TRADITIONALLY TWO FLAVORS OF PULSARS:
- ROTATION-POWERED (RADIO) PULSARS
- ACCRETION-POWERED (X-RAY) PULSARS (WITH COMPANION)
~ MAGNETIC FIELD B~ 1012 G TYPICALLY

NEW FLAVORS:
~ MAGNETARS (STRONGLY MAGNETIZED)
~ ACCRETION- AND NUCLEAR-POWERED MS X-RAY PULSARS
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ANOMALOUS X-RAY PULSARS

V. KASPI & COLLABORATORS

Beclination (J2000

23330 30 30 20 30 10 30 2300 30 59 0
Right Ascension (J2000)

X-RAY LIGHT CURVE ASSOCIATION WITH SN REMNANTS

Pulse Phase (cycles)

PERIOD AND ITS DERIVATIVE > B ~ 1012 G
-> Ly ~ 103 ERG S IS NOT POWERED BY ROTATION

VERY FAINT IN OPTICAL -> Ly IS NOT POWERED BY ACCRETION

~> _UMINOSITY POWERED BY (STRONG) MAGNETIC FIELD DECAY?



SOFT GAMMA REPEATERS & MAGNETARS

GIANT FLARE OF 1998: LIGHT CURVE C. KOUVELIOTOU
R. DUNCAN
C. THOMPSON

iEEJEEaDJ'M AND COLLABORATORS

Ulysses, 25-150 keV

~ HIGHLY SUPER-EDDINGTON
Tail - PERSISTENT Ly ~ AXPS
5.16-second period - PERIODICITY ~ AXPS
ll L | - PERIOD AND DERIVATIVE
[l m >B~ 10'5G
I - ONE AXP SHOWS BURSTS
]| 1l | 'l i m > RELATED OBJECTS
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~> MAGNETARS, BURSTS POWERED BY MAGNETIC FIELDS / STARQUAKES




@ NEUTRON STAR MAGNETISM AND MAGNETARS

~ PROTO-NEUTRON STAR DYNAMO -

FAST ROTATION AT BIRTH + CONVECTION
-> EFFICIENT MAGNETIC FIELD DYNAMO

DUNCAN & THOMPSON (1992)
THOMPSON & DUNCAN (1993)

~ MAGNETO-ROTATIONAL INSTABILITY ~—

DIFFERENTIAL ROTATION DURING

CORE-COLLAPSE OR IN PROTO-NEUTRON STAR
~> FIELD AMPLIFICATION BY ANALOGY TO
DIFFERENTIALLY-ROTATING ACCRETION DISKS

AKIYAMA & WHEELER (2003)
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Making a magnetar

Hot, newborn star
churne and mixes

Internal convection
carries off heat

If spinning faster than

200 revolutions/second,
the dynamo action quickly
builds up the magnetic field

ZAMS

central H exhaustion
- - - - central He exhaustion
mamama core collapse




EPILOGUE
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COMMON PHYSICAL INGREDIENT

ANGULAR MOMENTUM TRANSPORT

~ NOW BETTER UNDERSTOOD FOR

ACCRETION DISKS: MHD TURBULENCE FROM

MAGNETIC FIELD + DIFFERENTIAL ROTATION
(BALBUS & HAWLEY 1991)

~ NOT UNDERSTOOD FOR STARS:
SOLAR INTERIOR ~> SOLID BODY ROTATION

~ CRUCIAL FOR GRB CENTRAL ENGINES,
NEUTRON STAR MAGNETISM AND PERHAPS
ZAMS BURST OSCILLATIONS

central H exhaustion
- — - - central He exhaustion
=i core collapse




@ DIFFERENTIAL ROTATION IN STARS

~ LINEAR STABILITY ANALYSIS ~ “SALT-FINGER” TYPE MODES
~HYDRODYNAMICS ~> CONSTANT ROTATION ON
THE AsTrROPHYSICAL Journal, Yol, 150, November 1967 CYLINDERS
~> NON-CONSTANT ROTATION
WITHIN SPHERICAL SHELL

DIFFERENTIAL ROTATION IN STARS

PETER GOLDREICH
California Institute of Technology
ANTY

GERALD SCHUBERT
University of California at Los Angeles
Fecetved A prsl &, 1067 ; revised Tune 16, 1967

ABSTRACT

The stahility of differential rotation in the radiative zones of stars iz investigated. For suffictently
lerge v/ ¢ (x 15 the thermal diffusivity and » the kinematic viscosity), it is shown that a necessary condition
for stability in regions of homogeneous chemical compesition is that the angular momentum per unit mass
he an increasing function of distance from the rotation axis, In cylindrical coordinates (@, ¢, £), this condi
tion iz given by dim*)/dw = Dand a/dz = 0, where @ is the angular velocity. The condition is also a
sufficient one when applied to axisymmetric perturbations, The stable thermal stratification which existe
inn the radiative zone cannot prevent Lhe instability since, in stars, the thermal diffusivity is much greater
than the kinematic viscosity. The turbulent diffusion of angular momentum, which arises when the
stability condition 15 violated, 15 o rapid that it would appear to preclude the fast rotation of the Sun's
interior which bas been proposed by Dicke * In the absence of the instability associated with thermal
diffusion, Le, if x =0, Dicke's solar model is found to be stable,

Another means whereby angular momentum might be brought up from the solar interior is by the
mechanism of gpin-down associated with the formation of an Ekman boundary layer just below the so-
lar convective envelope, The transport of angular momentum, either by spin-down or by turbulent diffu-
sion, would result in the mixing of material below the convective zone of solar type stars if an external
torque were applied to the stellar surface. Thos, the depletion of lithium and hervlliom would he an in-
evitahle consequence of the loss of a significant fraction of the star's initial angular momentum.

I, INTRODUCTION




@ DIFFERENTIAL ROTATION + MAGNETIC FIELD

MENOU, BALBUS & SPRUIT (2003)

~ NEW INGREDIENTS:
WEAK MAGNETIC FIELD
RESISTIVITY (+VISCOSITY+HEAT CONDUCTION)

~ NEW RESULT:
IN INVISCID OR PERFECT-CONDUCTOR LIMITS
~> CONSTANT ROTATION ON CYLINDERS
~> CONSTANT ROTATION WITHIN SHELL

=> SOLID BODY ROTATION!

~ AMENABLE TO NUMERICAL SIMULATIONS (TRANSPORT AND MIXING IN STARS)?

- COULD HELP EXPLAIN THE DIVERSITY OF AFTERLIFE MANIFESTATIONS




