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New Observational Capabilities

+ Radio multibeam,VLBI...

- TRAO, HST, Keck, Gemini,VLT..

- Chandra, XMM Newton, HETE-2, Swift
- H.E.S.S...

- Auger...

9 xii 2005 KICP Kavli 2



Progress - Relativity

Double pulsar
JO737-3039

2.4 hr period
Special relativity
3 classical tests
Shapiro delay
Grav. radiation
0.001 test

Spin orbit EOS
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Progress Black Holes -

- NGC 4258 disk etc

— mass
* Fe line profiles
— SpIn S, e
* Hole-Bulge Relations o
— Co-evolution
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Progress - Galactic Center

~100 hot stars in
1018¢cm

Approach ~ 10'°cm
6Myr old
2 disks!

Implications for
AGN

9 xii 2005 KICP Kavli



Progress: Galactic Center

. Cﬁanldra' | 2hours
. E 2-8 keV

* mm size<15m?

108 | g™ May 2002

. - . ¥ *F campaign: ~0.6-
edd  wp 1.2 flares/day

+ X-ray flares :

- Non-thermal emission

+ Infrared QPOs?

— 20 min
* Radio polarimetry
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Progress - GRBs

Long Bursts T
Identifications 1.
Redshifts; z=6.3 -Sh.(l);tﬂ‘;LOnAG; ;
105! erg; anisotropic =~ ™ =

Prompt gamma rays
Flares, no reverse shock
Afterglow

Association with SNIbc
Collapsar models

GREBO50416A
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Progress - GRBs :

Short Bursts

Identifications

RedShifTS ?2 "
1048_50 er'g 0.1 1 10 100 rimoo 10 10

Elliptical galaxies?
Compact object mergers??
Gravitational radiation???
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Progress - GRBs

Soft Repeaters

106 erg

300us rise time
Anisotropic afterglow

Magnetars

Flare in TT NS
magnetosphere
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Progress - Jets

AGN, GSL, PWN, GRB, YSO...
— TeV emission

- 1<T" <300

— AGN jets are not ionic?

— Jets magnetically confined?
— Structured jets

— Disk-jet connection

HESS J1826-148
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Progress - Jets

Jets can be powerful

Inflate giant lobes

— 10% erg

Float up, heat IGM?
Galaxy formation?




Progress - Cosmic Rays -

Sources of low energy
particles

t~15Myr,At>0.1Myr
Zevatrons

Protons?

6ZK??

Bottom up???
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Progress: Cosmic Rays

- X-ray supernova
remnants

- Shocks &
. Electron acceleration
- Proton acceleration? @ ®
- TeV gamma rays

OOOOO
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Problems:Power

* How is gravitational/rotational energy
converted into power?

* Magnetic field?

+ Thermal:nonthermal?

- Is accretion conservative? Gal. center?
» High vs low entropy eg GRB fireballs
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Unipolar Induction
+ Vv vO~1Z,; P~ V2 / Z, 0
* Crab Pulsar

— B~100 MT, v~30Hz, R ~10 km

~V~30PV;1~3x10%A; P~ 103W
* Massive Black Hole in AGN

-B~1T, v~10 uHz, R ~1 Pm

-V ~300EV, | ~3EA, P ~10¥W
- GRB

o
>

-B~1TT,v~1xHz, R~10 km
-V ~302V,1~300EA,P~10%W
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Pic‘tori A Wilson et al

Electromagnetic Transport

1018 not 1017 A

DC not AC

No internal shocks

New particle acceleration mechanisms

Current Flow

Nonthermal emission
is ohmic dissipation
of current flow?

Pinch stabilized by
velocity gradient

L[] L] L] ]-6
Equipartitionin core




Problems: What flows

» Supersonic gas or Poynting flux

- Jet cores move

» Equipartition natural
* Velocity gradient => Stability?

* Magnetic collimation?
o I:)jet >2 F)ext'
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Problems:Particles and Fields

- Diffusive shock acceleration
* Observed in solar system

* Magnetic field amplification
— Welbel instability
— Cosmic ray induced
— Return current instability

* First order or second order process
* Maximum energy - UHECR
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Problems: Particles and Fields

* How do jets accelerate in situ
+ 100TeV electrons
* No strong shocks when 3 < 1
* Inter-knot X-ray emission => not shocks
* Ohmic dissipation?
— Volumetric heating
— Damping of wave spectrum
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Problems: Plasma astrophysics

* Where does the cluster cooling gas go’
* Enough energy?
» Conduction and viscosity

- Dissemination and dissipation
— Sound/internal waves

* Reconciliationof weak/strong le
SZ?
* How much gas accretes onto b

* Cluster evolution, through SZ, X-rays, proposec
as sensitive cosmological probe

— Radio sources evolve!

Churazov, Fabian, Forman, Schindler, Xauschi
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Importance of Cosmic Rays

* Cluster gas has high entropy
* Acquired at high Mach number shocks

+ Shocks accelerate ionic cosmic rays with
partial pressure ~ 0.2-0.3 of total

» Cosmic ray pressure supports gas after it
cools by ~1/3

* Inhibits compression and infall
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Non-radiative cooling

* Warm gas permeated by small quantity
of cold filaments

+ Size < electron mfp
+ Cool off warm gas
* Radiate energy in UV

» Cold phase settles onto galaxy
— Star formation and black hole accretion

- Feedback
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b Prospects Suzaku preliminary

° oy Suzaku Team
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Prospects:GLAST (2007)

Some key science objectives:

- understand particle acceleration and
high-energy emission from neutron
stars and black holes, including GRBs

- determine origin(s) of y-ray
extragalactic diffuse background

- measure extragalactic background
starlight

_ search for dark matter?

— extra dimensions??

1 . “.. il f
. Multi-wavelength observations o moct anoretie

objects and phenomena



Prospects: NuUSTAR
NuSTAR Key Science P NuSTAR Instrument &
Questions

Mission
Black Holes: How are High Energy
black holes distributed X-ray optics:
through the cosmos, and (Columbia
how do they influence the LLNL Dan’ish

formation of structure?
NuSTAR will perform a
deep black hole survey.
Supernovae: How do stars
explode and forge the
elements that compose the
Earth? NuSTAR will map
supernova remnants.

Extreme Objects: What
powers the most extreme
active black holes?
Contemporaneous
observations of blazars
detected by GLAST.

Selected by NASA in January 2005 as one of two Small
oxiizoo EXplorers (120M$). Launch is scheduled for 2009. Now in an
extended study phase with final launch confirmation in 2006.

Space Center,
KIPAC/SLAC).

CdznTe Detectors: (Caltech)




Prospects: New Windows

- LIGO
- Auger
- VERITAS
— Northern Hemisphere observations
* Next step in TeV astyronomy?

- IceCube AMANDA
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Prospects:Beyond Einstein

- Constellation-X, LISA
- JDEM, BHFP, IP
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Prospects: High Energy Density Physics

High Power Lasers - 1023-25 W m-2

— > MT magnetic field
— >100 MeV electron quiver energies
— Collisionless shocks, particle acceleration, magnetic field

Spheromaks
— Dynamics and stability of force-free configurations
— Magnetic reconnection

High current e-beam experiments
— Current instabilities

Z-pinches
— Stability
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Summary

* Great time in particle / high energy
astrophysics

- Big astrophysics problems are multisource
not just multiwavelength

+ Exciting menu of new projects
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