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Regular mode
Quasi-radial one-pole accretion

AM Herculis
SIS0+ SIS1+GIS2+GIS3
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Figure 2. Folded X-ray light curves from all four ASCA detectors
summed in four energy bands. The hard bremsstrahlung compo-
nent dominates in the lower three curves, whereas the uppermost
panel contains photons mostly from the soft blackbody component.
Note that the 0.4-0.6 keV curve is made from SIS data only.

(ASCA: Ishida+97, MNRAS)




Conditions in the accretion
column

(Fischer & Beuermann 01)

Shock heating (hydro) vs particle heating

Cooling via thermal plasma and cyclotron (RT-1D)

Parameter: M5, dm/dt, B
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X-ray irradiated atmosphere:

Reprocessing, Fe fluorescence and

Compton reflection
(v. Teeseling+96, AA)

1_1'TI|'_’7_ rr"YIT_"I_‘ |

atmosph.

‘\ reflection “
hoth yer N

. iy,
.
/ ,"|
/
'
’
.

JAs 1 113}

- o

=1 o e Tl 2

Photon energy (keV)

Fig. 1. Solid line: energy distribution of the different spectral
components from a logg = 8 white-dwarf atmosphere with
Ter = 200000K irradiated with a 40keV bremsstrahlung flux
of Fe = 9 x 10™ergs™'em™2. The dotted line is the 40keV
bremsstrahlung emission from the post-shock plasma, the dashed line
the emission from the irradiated white dwarf




AM Her: SED through high
and low states

Ll
.01
ENERGY (keV




AM Her with ASCA

(Ishida+97, MNRAS)

AM Her
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Figure 4. The result of a fit to the rotational maximum phase spectrum taken by the SIS with a single temperature thermal bremsstrahlung
with three column densities. The parameters are k7= 14" keV, and N,;, ~9 x 10” em ™, N, ~2 x 10 em 2, and N,;, ~2 x 107 cm™*
(x7=0.89). The iron emission lines around 6-7 keV are represented by three Gaussians (see Section 3.3).




AM Her with Chandra and
XMM-Newton (AAVSO)

AM Herculis in the Chandra/XMM—Newton era
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Chandra and XMM-Newton
Regular mode

CXO/HETG
Aug 15, 2003
24600 cts In 91.4 ksec w

XMM-Newton pn-timing §
Jul 19-27 2005

(4 visits per 9 ksec)
520000 cts in 32.5 ksec




HETG-Spectroscopy of MCVS

(Hellier&Mukai 2004 )

Orbital phase averaged
spectra

V(Fe26) ~260 km/s

V(Fe26+Ne+Mg+Si)
< 100 km/s (90% conf)

.. lIne emission arises
predominantly from the
of
the accretion column.




Chandra spectroscopy of AM Her

(Girish+07, ApJ)

Fe XXVI

'‘w O
e
=
S 2
‘52
8
ol
>

o

Fe XXVI maximum velocity shift of
close to the shock

1100 km s,
velocity expected fora 0.6 M, WD.

MEeasurep LINE VELoCITY SHIFTS OF EMissioN LINES AND CORRESPONDING HEIGHTS Of

ang V‘I’. const il’,mod
Line ID (km s~y (km s hy° (km s~ hy°
M 2) 3) )

................................... 430 + 130 220 + 26 790 + 40
850 + 90 660 + 70 145 £ 110

....................................... 510 + 80 545 + 140 110 + 120
..................................... 190330 240 + 160 180 + 140

R Thc error bars are based on Cash statistic with 90% confidence for a single paramet
® Sinusoid+constant fit to the velocity shifts obtained from nonoverlapping phase bing
° A constant fit to the velocity shifts obtained from nonoverlapping phase bins.
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Search for Doppler shifts In
Chandra & XMM

Case for XMM-Newton?
AV = 1000 km/s @ 7 keV (FeXXVI)
- 23 eV (16% of FWHM)

Search strategy
Phase binning: 0.1, 0.2, 0.25

Spectral models (various combinations of
either fixed and/or related parameters)
TB+3*Gauss

APEC+Gauss

APEC+REFLIONX




Results Chandra

Mean spectrum
FeXXVI
AV = 340*-1%0 km/s

No significant
phase-dependent
Doppler shift

Line width 138eV
(=2"FWHM(HEG))




Results XMM-Newton
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Line profile synthesis &
RV predictions

Binary parameters
Accretion geometry

Temperature, density and velocity
structure for stratified columns
(Fischer & Beuermann 2001)

Line profile synthesis
XSPEC fakelt (scaled to CXO)
Doppler analysis




Line profile synthesis
RV contributions

1. Gravitational redshift & LSR (neglected)




Line profile
synthesis: RV

2. Orbital motion
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Line profile synthesis
RV contributions

2. Orbital motion

M2=0.20
M2=0,25

MASS RATIO M1/M2




Binary parameters & geometry
M2 (Knigge, SpT) & M4 & K2(corr) = inclination

Length of X-ray selfeclipse - latitude of column

Combination of i, 8 determines AV

Isovelocity 114 +— 9 km/s
T 1 T T T T [ T 1

M2=0.20
M2=0.25

INCLINATION (deg
CO-LATITUDE (deg

—0.15 phase units
- 0.18 phase units
C (IR I T R N N N

30 40
MABSS RATIO M1/MZ2 INCLINATION (deg)




Stratified columns
(Fischer & Beuermann 2001)

30 MG
0.01 g/cm®




Lines from
stratified columns

Bulk Velocity vg,, of DS-Fit

F€26' B=10MG , M,,,=0.6M,
. Fe XXVI |

Fe XXV

Mg XII

Joint RV
analysis of H-
like ions levels

Velocity v [km/s]

out any signal

Ideal Int.

Chandra T L ‘

0.1 1.0 10.0
Mass Flow Density [g cm? s™]




Chandra 10 Ms simulation

(10 realizations,10 phase bins, avg spec)

K - y - Grid, MFD=1.0g cm? 5™, B=14MG, M\,=0.80M, Mg, =0.20My, i=28.0°, $=65.2°, t,=1.4€+065€C, Cgy.,=0.132lris/Alex
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(dotted square represents the Sinus-fit of the average velocity-curve)
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Chandra 91ks simulation

(10 realizations, 10 phase bins, avg spec)

K -y - Grid, MFD=1.0g cm® s™', B=14MG, M,;,=0.80Mg, Mg..=0.20M,, i=28.0°, =65.2°, t,=9.1e+03sec, C,yss=0.132Iris/Alex
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(dotted square represents the Sinus-fit of the average velocity-curve)
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Modeling results

Average velocity of 350 km/s ok

Single 32 ks CXO observation too short
to measure RV amplitude reliably

Column structure from lines feasible
Simulated line width ~15 eV ~ok




AM Her — Ka reflection
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XMM: Trailed X-ray spectra




AM Her — Ka reflection
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AM Her: Fe Fluorescence line

EW observed > predicted by reflection models

—> abundance?, continuum shielded?, heating?
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Figure 4. The equivalent width of the iron Ka fluorescent line as a

function of the temperature for different inclination angles (left panel)

and as a function of the cosine of the inclination angle for different
temperatures (right panel).
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Fig. 4. Observed equivalent width of the iron Ke fluorescence com-
plex from an irradiated (Fir < 10*ergs™'cm™2) Ty = 100000K
white-dwarf atmosphere as a function of the angle between the normal
of the surface plane and the line of sight. Solid lines: g(z) = 1, dashed
lines: g(7) = cos 7. For each geometry there are four curves for different

bremsstrahlung temperatures

Van Teeseling+96, AA



Resume and outlook

Observations of Doppler shifts in a polar
promising only in Fe26
Phase-resolved data inconclusive

Mean Doppler shift and line width in accord
with column models

Angular dependence of reflected lines

observed for 1st time, quantitative
understanding gained

Feasibility study for ATHENA planned

(WD mass from z,, of Ka?)




