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1 Introduction

This program was devoted to the study of the physics of energetic astrophysical outflows
and accretion disks. The first half of the program was focused on outflows (pulsar magne-
tospheres and winds, black hole magnetospheres, relativistic jets from galactic black-hole
binaries and active galactic nuclei, and winds from disks), while the second half was fo-
cused on accretion disks and related phenomena (state transitions in black hole binary
systems, dynamos in disks, photon bubbles, transport of vertical field in disks, modeling
of disk spectra, quasi-periodic oscillations from disks).

The spirit of the program was to emphasize physical processes rather than phenomenology.
Indeed, since jets and disks are found in so many different astrophysical environments—
pulsars, young stellar objects, x-ray binaries, active galactic nuclei, gamma-ray bursts,
quasars, the proto-Jovian nebula, and planetary rings— this was the only possible way
to straddle the range of topics and interests of all the participants.

The program had broad participation, with 64 participants over the 4 months of the
program. The participants were diverse, from Europe, Australia, Asia, and every corner
of the United States. Ten of the participants were women, including four who were key,
long-term participants (Done, Szuszkiewicz, Celotti, and Rossi). The broad participation
reflects the underlying strength of the field and the physically rich set of problems that
touch almost every area of astrophysics. The program also involved a number of junior
people whose active participation enabled them to become acquainted and socialized with
the community in this field.

2 Organization

The core of the program was a morning discussion session held 5 days a week, for a total of
90 discussions. The format and content of the discussion sessions included presentations
of new results by participants, followed by a vigorously critical discussion, and roundtable
discussions of topics suggested by organizers or participants.

We also held two formal seminars a week, for a total of 30 talks. Normally these were
hour-long talks, but some ran for as long as 3 hours. Weekly dinners and many informal
lunches and outings facilitated interaction among the participants.



In the middle of the program we held a conference with about 80 participants. The
organizers valiantly resisted pressure to pack the schedule with talks, and according to
feedback we received the conference was quite successful. Our most important piece of
advice to future coordinators is to minimize the number of talks and maximize the time
for discussion.

3 Accomplishments

A number of papers were completed during the course of the program, and are listed
below. However, much of the research work that was accomplished is still in the process
of being written up, and we expect many papers to be submitted over the coming year.
The program clearly initiated many new collaborations between participants, and also
helped set the intellectual agenda for the field over the next few years. Here are some of
the key issues raised during the course of the program:

Many aspects of jet and wind propagation are now fairly well understood. Given boundary
conditions on the parent body (black hole, neutron star, disk, etc.) and the structure of
the external medium, numerical methods exist that can efficiently calculate the structure
of the jet (with some symmetry restrictions). In special cases analytic solutions are
available. This sort of work is now being actively pursued in the context of gamma-ray
bursts (MacFadyen, Begelman, Uzdensky, Spruit), and specialized numerical methods
have been developed for relativistic flows (MacFadyen, Komissarov, Spitkovsky, Gammie,
Hawley, Del Zanna, Amato, Fragile, Zhang). Some of the key remaining questions relate
to the stability of the jet or wind, and dissipation within the jet (there was considerable
discussion of dissipation in the context of “striped winds” from pulsars and gamma-ray
bursts). But the most important question of all: what are the boundary conditions,
i.e. what conditions lead to the launching of jets and winds?—is still unanswered. But
global numerical models of accreting black holes offer tantalizing clues, suggesting that
gas pressure (!) plays a key role.

In the context of winds from disks, this question is intimately connected with the large
scale structure of the magnetic field. The widely held, although untested, assumption is
that a large-scale, dipole-like field is required to efficiently launch a magnetic wind (much
progress has been made in studying radiatively driven winds, as well). What generates
this field in a disk, and why shouldn’t it be expelled by the disk according to the turbulent
resistivity and viscosity model described some years ago by Van Ballegoijen? Put differ-
ently, how does a dynamo work in an accretion disk? Or: what is the magnetic power
spectrum of disk turbulence? Or: how are vertical fields transported within a disk? Sug-
gestions were made for numerical experiments that might clarify some of these questions,
and speculative ideas (e.g. Spruit, Uzdensky) related to magnetic field transport in disks
were put forward.

A closely connected problem is the structure of magnetohydrodynamic turbulence in the



context of disks and in the sort of stirred-box thought experiments that are a focus of
numerical and analytic attacks. One issue that has emerged out of the work of Cowley
and others over the last few years is the question of the dependence of the magnetic
power spectrum on the ratio of viscosity to resistivity (the magnetic Prandtl number,
well-defined only in the event that both viscosity and resistivity are scalars). There is
numerical evidence that the magnetic power spectrum is sensitive to the magnetic Prandtl
number; this connected to the larger issue of how small-scale closure models influence, or
possibly compromise, the outcome of the numerical experiments that are informing much
of the progress in the field.

Numerical experiments and numerical methods played a starring role in our discussions.
This is inevitable as jet and disk structure depends on complicated dynamical and radia-
tive processes that cannot be reliably studied using analytic techniques (the situation is
analogous in some ways to the problems of stellar structure and evolution). Many of
our numerical participants expressed frustration at the state of computing at
the KITP, and felt strongly that better numerical facilities would be useful —
for example, a small cluster.

One of the triggers for the program was the emergence of a physical theory of angular
momentum transport in disks. Turbulent transport of angular momentum was widely
discussed in view of a slew of new numerical results from global disk models and models
including new physical processes. But an obvious lacuna in the development of this theory
is the absence of firm predictions for astronomical observations; this remains profoundly
difficult, in part because most astrophysical disks are not spatially resolved. One way of
making progress on this may be to ask: what is wrong with the o model? The classical
model of disk structure at least makes some predictions for disk structure and evolution;
which of these survive into the MHD turbulence era?

One way of attacking this last issue is through modeling of spectra, and considerable
progress was made during the course of this program on this. Done and Davis succeeded
in making direct comparisons between « disk models and black hole X-ray binary spectra
in the thermally dominant state. These comparisons suggest that a number of the new
physical effects expected from MHD turbulence are not in fact present to a large degree in
this particular state. In addition, progress was made on building accretion disk spectral
models more directly on the MHD simulations. For example, vertical dissipation and
magnetic pressure profiles from simulations by Turner and Hirose et al. have now been
incorporated into spectral models. Distributions of electric current density in the global
general relativistic MHD simulations of Hawley have been computed and scaled so as to
mock up global patterns of dissipation in radiatively inefficient flows in X-ray binaries,
and these can now be used to make predictions for both timing and spectra.

Another key development is that thermodynamics is now being incorporated directly
into the MHD turbulence simulations. New codes such as ATHENA rigorously conserve
total energy, and are now being employed to study MHD turbulence. Radiation MHD
simulations by Turner and Hirose et al. incorporate both heating and cooling directly.



Optically thin cooling has also been incorporated directly in global MHD simulations
by Machida and Matsumoto, and Fragile and Meier are pursuing similar simulations.
The coupling of magnetic forces and torques to thermodynamics is likely to lead to a
deeper theoretical understanding of the bewildering variety of behaviors exhibited by
astrophysical disks.

One of the most mysterious of these behaviors is the nature of well-defined spectral/timing
states and state transitions in black hole X-ray binaries. A particularly fruitful portion of
the program was the visit by observer Ron Remillard for a week where we really focused
on educating ourselves on the complex phenomenology of these states. Some new ideas
were generated (and critiqued!) about the nature of the flow in these states, and a number
of program participants are now pursuing these.

Another example of the coupling between thermodynamics and magnetic forces lies in
the problem of the ionization state of disks around young stellar objects. These disks are
the site of planet formation, and are widely believed to be so cold and dense that they
are effectively decoupled from magnetic forces. But work by Inutsuka and Sano— arguing
that microscopic electric fields in these disks are strong enough to produce nonthermal
electrons that generate additional ionizations, leading to runaway self-ionization— excited
considerable controversy. A collaboration (Gammie, Ostriker, Zweibel, Gardiner) was
formed to investigate the matter, along with the related problem of localized heating in
protoplanetary disks, and it was shown that the self-ionization mechanism is marginal at
best.

4 Conclusion

We feel that the jets and disks program was a tremendous success, a view which is
supported by the comments in the activity reports of most of the participants. Program
participants were forced to face some of the key hard questions, and new ideas and new
collaborations were formed to tackle some of these. Virtually everyone left feeling educated
and stimulated about a whole host of issues, and a key factor in this was having the
participation of plasma physicists, observers, analytically-minded astrophysical theorists,
and numericists all together at the same time.

We wish to thank everyone at the KITP (the director, deputy director, permanent mem-
bers, advisory board, and the staff) for approving the program, providing such excellent
advice on how to make it a success, and then making it so easy to actually do so. This
was such a fun and productive experience that we all look forward to the next time we
have an opportunity to participate in a KITP program!
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a Disk and a Jet
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Jets in Gamma-Ray Bursts

Neutrinos Produced in Gamma-Ray Burst Jets
Current Status of Fusion Energy Research and
Related Plasma Physics Studies

Magnetorotational Supernovae
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How Astrophysical Disks Work
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Horizon Physics of Black Hole Accretion Disks
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Spectral /Variability States of Black Hole X-Ray Binaries
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LUNCH BREAK

Afternoon Session
Session Chair - O. Blaes
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CONFERENCE END
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Vortices in Disks
Stability of Stratified Disks
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