Light in New Regimes

“Is a new theory of light and matter needed
at the highest energies?”"

1Connecting Quarks With the Cosmos, National Research Council, © 2003 National Academy of Sciences




Overview

Moﬁvation .
Questions

Neutron Stars:

Polarized X-R yS o g
A look to the future (past)

. .

NGC 6240 Image courtesy http://CHANDRA.harvard.edu
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Central Pulsar in M1

Movie courtesy http://CHANDRA.harvard.edu
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. Do frame dragglng and t1me dllatron effect 4o
spectra the way we expect them to? S
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Solid State/QCD

Neutron Star Strange Quark Star
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* Are there exotic phases of matter inside compact
objects? How do nucleons interact there?

e Are there Q stars? Preon Stars?

Image courtesy http://chandra.harvard.edu




Magnetosphere
Superhot plasma

Outer Crust

Crystal lattice: 200 meters deep
nuclei + electrons

Inner Crust
Crystal lattice: 1 km deep
nuclei + electrons + neutron gas

Outer Core
Neutron, proton, and electron fluid

Inner Core

Meson condensates, quark droplets,
bulk quark matter?

20 kilometers
(12 mi) diameter

Image © 2003 National Academy of Sciences




A NEUTRON STAR: SURFACE and INTERIOR

. ‘Swiss ‘Spaghetti’

CORE: L

Homogeneous aF 1! -
Matter aH 1! Neutron
gl E Superfluid

~——— ATMOSPHERE
ENVELOPE
CRUST
OUTER CORE
INNER CORE

s Polar cap

Cone of open
magnetic
field

lines

Neutron Superfluid .

Neutron Superfluid +

Neutron Vortex  Proton Superconductor
Neutron Vortex
Magnetic Flux Tube

Image © D. P. Page (UNAM)




QED

 “The Jewel of Physics”?

e Tested to extreme precision
s*Lamb Shift
**Vacuum Polarization
s*Hyperfine Splitting
* |t’s Feynman’s baby, are you questioning it?

-

2Feynman, Richard Phillips (1998). Quantum Electrodynamics. Westview Press; New Ed edition
Image courtesy Pal Hidas KFKI Research Institute for Particle and Nuclear Physics



Checking QED in high B

QED has been tested in the lab in B fields of
about 10° Gauss (as of 2003)

Neutron Stars provide extreme testing
grounds for QED because of high B fields

10'? Gauss, 10> for magnetars!

Beyond the critical energy, polarized x-rays
should be detected
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AXxis of rotation —

Radiation
beamed along
magnetic axis

Magnetic field

http://www.spacephysics.eu/



Detecting Polarized X-Rays

* High B environment

e Landau Levels

*»*Cyclotron frequencies quantized

**Spin states have different
transitions to ground

***In very high B fields one spin .
state’s transition to ground is 1T
forbidden J wl'i

. . L.,\uwkh | u
* Look for signature structure in Y
spectra

Image courtesy http://imagine.gsfc.nasa.gov



Next Tune

l\

hat new results have E@

|

hat experiments have

’W
hat questions still remain unaﬁéi/vered?

Image © Chris Meany/ NASA 2009
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Questions?

Isolated Neutron Sfar RX J1 85635-3754 HST « WFPC2

PRC97-32 « ST Scl OPO « September 25, 1997
F. Walter (State University of New York at Stony Brook) and NASA




Particle Physics

A high E proton incident on the
atmosphere creates a particle

“Air Shower”
| Angle

* Where do high
energy cosmic
rays come from?

* How do they make
it here through
the CMB? 2

Shower plane

\_J

Air fluorescence detector
with activated
phototubes

Cerenkov tanks

Image © 2003 National Academy of Sciences



