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Active State

--> Discovered with Uhuru, Active State, F,~3x10"° erg cm™ s (Formann et al. 1978)
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--> Flat Light Curve Long Term Radial Velocity Shifts

Spectrum of F IV star

(Nowak et al., 2002)

~40 km s
--> Orbital period ~30 d

Bothwell et al. (2008) ; Garcia et al., (1989)



Our XMM-Newton Observations
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The Observed-Calculated residuals technique
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Triple System !
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Constraints on the triple system orbital period
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Triple System Consequences...
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Conclusions

4U2129+47 is (likely) part of a triple system
(first system of this kind showing this strong evidence)

* Monthly spaced X-ray observations:

 Optical observations:

> To reveal the real nature of the orbital
period evolution

> To measure Modulation in the X-ray
eclipse times.

E. Bozzo thanks ESA and ESA Education for conference grant support.



Constraints on the triple system orbital period
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Constraints on the triple system orbital period
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Summary

e 4U2129+47 history from ~1978 to ~2005

Observations
Accretion disk Coronae Source (ADC)

Observations up to 2000
Interpretations

e Our Lucky XMM-Newton Observations (Inactive State)



Inactive State ~37 ks Chandra (~2 orbital period)

(Nowak et al., 2002)
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Accretion Disk Coronae
(ADC)

Scattered and Observed

N Binary orbital Broad and partial
A-ray Emission modulation X-ray eclipses
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Conclusions: Spectral Analysis

Short Observations --> few photons --> No detailed spectra obtained ...
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Low statistic, no sinusoidal modulation observed



Active State: OBSERVATIONS
--> Discovered with Uhuru, Active State, F,~3x10"° erg cm™ s
(Formann et al. 1978)

--> Optical and X-ray simultaneous

observations:
(McGraw-Hill 1.3 m, Einstein, 63 ms)

~5.2 h modulated optical light curve
Optical and X-ray phase mimima aligned

e AB~1.5 mag

B-V (unknown A,) + Roche Lobe Geometry

--> M - K star, d~ 2.2 - 4 kpc

« L /L~10
e X-Ray Spectrum:
(2-10 keV)
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Active State: INTERPRETATION

--> 1~82°, parameters see picture 4U2129+47
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Compact Source surrounded by a Gas Cloud;
Smoothness and Depth of the X-ray Eclipse:
< 0.1 Flux at Max is due to the central source
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+ highly ionized (no spectral features)
-->requued L, ~10°° erg s™!
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--> unlikely d~&? kpc
--> optically thick inner corona block central source (90 %)
+ optically thin external corona
(electron scattering, comptonization, power law spectrum)

--> Evaporation from
the surface of the companion star,
gravitationally bound by the
compact star (?) v

--> Evaporation from
the surface of the inner accretion disk



First 4U2129+47 Observation in Quiescence with Chandra
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Nowak et al. (2002) --> ~37 Ks Chandra observation (~2 orbital period)
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Inactive State: INTERPRETATION

Black Body ~0.2 keV, R~2.5 km
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Some Informations
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A look into the past...

Archive Plate Observations

: (Sonneberg obs.)
17.0
17.5 - v SUMMARY NACTIVE
TE
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1 ACTIVE STATE --> 1963-1983
1e INACTIVE STATE --> 1938-1943; 1983-2??
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(Wenzel et al, 1983)



Evolutionary Scenario LM XBs

Mechanisms driving mass transfer in LMXBs
(a) Loss of orbital angular momentum
-Gravitational radiation

-Magnetic braking

(b) Nuclear evolution of the companion star

(1) Porb, i > ~1-2 d --> the mass transfer is driven by the internal evolution
of the low-mass (sub-)giant companion stars.

(i) Porb <~10 hr --> interior evolution of the companion plays a negligible
role and the evolution of system is driven by angular momentum losses by
magnetic braking and gravitational radiation.

(1i1) In the intermediate period range between ~10 hr and ~1-2 d, both
angular momentum losses by magnetic braking and the radius expansion
due to the interior evolution of the subgiant play a role.



Evolutionary Scenario LMXBs
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XMM Detectors

EPIC OS5
TCCD=s each 109 x 109 arcomirma bess

7 CCD

PSF FWHM ~6"/15" (1.5 keV)
F.O.V. ~ 30

A . ~400 cm® (1.5 keV)

energy range 0.1-15 keV

Comparison of focal plane organisation of EPIC MOS and pn cameras
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12C0C0Ds each 136 x4 4 arcmdn

12 CCD

PSF FWHM ~6"/15" (1.5 keV)
F.O.V. ~ 30’

A__~1400 cm?(1.5 keV)

energy range 0.1-15 keV



Active State: INTERPRETATION

402129+47
. -->1~82°, parameters see fig. [ 19Ro -
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--> Evaporation from the surface of the companion star,
(gravitationally bound by the compact star ) and from the inner accretion disk



The O-C residuals technique
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Triple System Consequences...

An interesting possibility.....
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