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Outline

¢ Fast X-ray Timing and Spectroscopy probing the strong field
region

¢ Bringing X-ray astronomy to fundamental physics:
constraining the equation of state of matter at supra-nuclear
matter with weakly magnetized accreting neutron stars

< Pushing beyond RXTE: why a 10 m” class X-ray mission like
PERXEUS is necessary

_ A possible detector implementation for a fast timer on

PERXEUS



Millisecond time variability

& The Rossi X-ray Timing Explorer has demonstrated that
the X-ray emission from X-ray binaries varies on the
dynamical time scales of their accretion flows
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BH QPOs and resonance

O Pairs of QPOs in 3 out of 4 microquasars come with a 3:2
ratio (450&300 Hz), suggesting non-linear resonance

O Pairs of modes attain high amplitudes in the disk where their
frequencies have ratios equal to ratios of small integers
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X-ray Spectroscopy

Broad relativistic Iron lines are seen in the X-ray spectra of

accreting black holes: XMM-Newton, Chandra, ASCA
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1. Constraining the EOS of nuclear matter

& Absorption lines in X-ray bursts

XMM-Newton RGS
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2. Constraining the EOS of nuclear matter

& Waveform fitting of the X-ray burst oscillations: hot spot
rotating at the neutron star spin frequency
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3. Constraining the EOS of nuclear matter

¢ High frequency QPOs

Vupper ~ Vorb — Rorb > RISCO(: C2 ) and R* < Torb
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Beyond Rossi

Q Was EINSTEIN wrong or right? Testing General Relativity
in the strong field regime: existence of an innermost stable
circular orbit, dragging of inertial frames, ...

Q@ How do black holes form and evolve?: constraining their
spins and accretion flows,...

Q How do stellar mass and super-massive black holes
compare?

Q What’s the equation of state of matter at supra-nuclear
density? do strange stars exist?



Why do we need -10 m*?
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45000 counts/s (20xPCA)

Following QPO frequencies

What QPOs really are
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Searching higher frequency QPOs
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Modeling burst oscillations

- External spacetime is the Schwarzchild metric

- Blackbody surface emission

- Relativistic beaming and aberration due to stellar rotation

- Initial location, angular size and growth rate of the hot spot

Gravitational light bending

Strohmayer (2004)
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Seeing individual oscillations

400000 counts/s (20xPCA)
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Constraining the EOS
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Effective area & count rates

Effective area (cm?)

Courtesy of A. Parmar
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Silicon drift detector

w High resistivity n-type fully
depleted Silicon

w Small output capacitance due
to the small size of the anode

Card PCB-V2

Effective time = 496 s
BOC — FWHM{5.9 keV) = 130 eV _

w High count rate capabilities
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Seeing lines on short time scales

100 seconds - PERXEUS
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X-ray burst absorption lines

10 seconds (PERXEUYS)
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X-ray burst (Eddington limit at 3 kpc): 1 keV absorption line of 10 eV equivalent width
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Detector implementation

X-rays from mirrors

Deadtime: §o00 ns/event |

I 1§ cm

19 SDDs Focal plane

Deadtime, packaging, on-board data processing, telemetry to be studied: MPI, Tiibingen, ROENTEC,
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Conclusions

@ Probing General Relativity in the strong field regime and
constraining the equation of state of matter at supra-nuclear
density using fast X-ray timing and spectroscopy can be
achieved with the effective area of the PERXEUS mission

@ There are ways of implementing a fast timing detector
capable of observing the brightest sources of the sky with
existing technology
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