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Abstract. We present phase-resolved spectroscopy a$ kinematic information of the various emission regions within
AM Herculis obtained with the HST/GHRS when the systere binary system.
was in a high state. The ultraviolet light curve shows a In a previous paper, we have reported phase-resolved UV
quasi-sinusoidal modulation, which can be explained by a hsiiservations of AM Her, obtained with IUE during both low and
spot on the rotating white dwarf. The broaga absorption high states (@nsicke etal. 1995; hereafter Paper 1). During both
expected for photospheric radiation of a moderately hot whigeates, a modulation of the UV continuum flux, peaking at the
dwarf is largely filled in with emission. The UV/FUV spectrunphase of maximum hard X-ray flux, was detected. In the low
of AM Her in high state can be quantitatively understood by state, this flux modulation is accompanied by an orbital variation
two-component model consisting of the unheated white dwaff the broadLy« absorption profile. The modulation of both
plus a blackbody-like radiating hot spot. A kinematic studyontinuum flux and.y« absorption width can be explained with
of the strong UV emission lines using Doppler tomographymoderately hot spot near the main accretion pole on the white
is presented. The characteristics of the low ionization speci®garf. The spot temperatures estimated from the IUE data were
lines and the Sv doublet can be explained within the classical 24 000 K and 2 37000 K in the low state and the high state,
picture, as broad emission from the accretion stream amrgpectively, with the spot coverinfg~ 0.1 of the white dwarf
narrow emission from the heated hemisphere of the secondatface. The unheated regions of the white dwarf HEve-
However, we find that the narrow emission of the Noublet 20 000K (Heise & Verbunt 1988; Paper 1). Considering that
originates from material of low velocity dispersion locate¢he sum of the observed hard X-ray flux and cyclotron emission
somewhere betweet; and the centre of mass. The highoughly equals the UV excess flux of the spot, we concluded that
signal-to-noise spectra contain a multitude of interstellgfadiation by emission from the hot post-shock plasma is the
absorption lines but no metal absorption lines from the whitgost probable cause for the heating of the spot. A puzzling result
dwarf photosphere. from ORFEUS-I FUV observations of AMHer in high state
was the absence dfys and Ly~ absorption lines (Raymond
Key words: accretion, accretion disks — line: formation —stargt al. 1995). The poor resolution of the IUE data gave only
binaries: spectroscopic —stars: individual: AM Her —stars: whilgnited evidence for the presence df.gaa absorption line from

dwarfs — ultraviolet: stars the white dwarf photosphere during the high state, so that a
full test of the hot spot-hypothesis had to await dedicated HST
observations.

1. Introduction A general spectroscopic characteristic of polars in their high

i states are complexly structured emission lines. Atleast two com-
In AM Herculis stars (see Warner 1995 for a monograph), thrg8nents, a broad and a narrow one, can be identified. The com-

main sources of ultraviolet (UV) emission are present: the White, , pelief is that the broad component originates in the stream
dwarf photosphere, the illuminated accretion stream, and e the narrow component arises from the irradiated face of
heated secondary star. While the white dwarf contributes mosfy secondary (e.g. Liebert & Stockman 1985). A beautiful ex-
in the continuum, the accretion stream and the heated atm;e where three different line components can be discerned
sphere of the secondary star are sources of strong emission I'Hﬁﬁ'identified with the secondary star, and the free-fall and mag-
Phase-resolved UV spectroscopy can, therefore, reveal detgilfc coupled parts of the accretion stream is HU Agr (Schwope
of the temperature structure on the white dwarf surface as wgll,| 1997). Doppler tomography reveals that the narrow line

Send offprint requests tboris@uni-sw.gwdg.de emission from the secondary in HU Agr is asymmetric , prob-

* Based on observations made with the NASA/ESA Hubble Spagly due to shielding of the leading hemisphere by the accre-
Telescope, obtained at the Space Telescope Science Institute, whiéiPi Stream/curtain. In AM Her, broad and narrow components
operated by the Association of Universities for Research in Astrononfiave been detected in various optical emission lines. Discussion
Inc., under NASA contract NAS 5-26555. has been stimulated by the fact that the individual lines differ
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Table 1.HST/GHRS observations of AM Her on Jan 4, 1997. magnetic phases were subsequently converted into conventional
binary orbital phases,,, via the relation
Dataset: Z3DMO0305T Z3DMO0308T
Exp. start (UT) 2:03:453:56:15 4:01:525:48:45 Porb = Pmag + 0.367. 1)
Exp. time (sec) 5848 5413 : : P
No. of spectra 215 199 The offset was obtained by comparison to the zero point in

the optical ephemeris determined by Martin (1988; see also
Southwell et al. 1995).,1, = 0.0 corresponds to the inferior
conjunction of the secondary. Note that the period given by
Heise & Verbunt (1988) has a smaller error than that given
by Southwell et al. (1995) and the former should preferably
be used. Even though,., is historically used in the analysis

~ 120 kms~ ! in Hei (Greenstein etal. 1979) and150 kms—!  Of UV and X-ray light curves of AMHer, we adopf.., as

in Cau (Young & Schneider 1979). Absorption lines show evewe natural choice for the d_iscussi_on of the geometry_within the

larger velocities~ 200 km s~ in Nai (Southwell et al. 1995). binary sy_stem. Forconvenlenpe, light curves and radial velocity

Hence, the narrow emission lines and the absorption lines offyVes Will be also labelled witha.

inate on different parts of the secondary star, and interpreting

their radial velocities as th&’, velocity amplitude of the sec- 3. Analysis and results

ondary star is ambiguous.

In this paper, we report the first high-resolution phasg-'l' Average spectra

resolved UV spectra of AM Herculis obtained with the Godfhe high spectral resolution and signal-to-noise (S/N) of the

dard High Resolution Spectrograph (GHRS) onboard the HUBHRS data reveals a multitude of hitherto unexplored details

ble Space Telescope (HST). in the UV emission of AM Her. Two average spectra are shown
in Fig.[1. They contain the typical emission lines of a polar in
a state of high accretion rate, i.e. strong emission of the high

2. HST/GHRS observations excitation lines N/ and Siv along with weaker emission of

] . ) lower ionization species, such asuSi and Ci,im. The Nv
HST/GHRS observations of AM Her were carried outin Januaggq sjy doublets are fully resolved, displaying substructure in

1997 during a rare opportunity when the system was locatedg form of broad and narrow components. Interestingly, the
acontinuous viewing zone of HST (Table 1). The total exposfgensity of the narrow emission of Wvaries only little as a
time was slightly longer than the binary orbital peridd,, =  function of the orbital phase, while the narrow emission o Si
185.6 min. Atthe time of the observations, AAVSO observationgaishes during orbital maximum. The lower ionization species,
showed AM Her to be in a high state it~ 13.0. The GHRS ¢, and Sii,in, do not display narrow emission at all, except

spectra were taken in the ACCUM mode through the 2" Largg; sy \ 1206.5 which shows a weak narrow emission in the
Science Aperture (LSA). In order to cover both wingdglr  f5int phase spectrum.
the central wavelength was set to 120gesulting in a spectral  gyerjayed on the continuum and line emission from AM Her
coverage of 11501435A with a nominal FWHM resolution 4re numerous interstellar lines. The very low airglow during part
of ~ 0.6A (~ 125 — 150 kms~). The spectra were acquiredsf the HST orbit allows the unmistakable detection of interstel-
with a time resolution of 31.4 sec, corresponding to an orbitg) 1y, absorption. No obvious photospheric metal absorption
phase resolution ak¢ = 2.82x 10, with a netexposure time jines from the white dwarf are visible. Note also that the broad
of 27.2 sec per spectrum. The observation was interrupted {ar, apsorption is almost completely filled in with emission,
~ 5min for a SPYBAL calibration, causing a gap in the phas@ miniscent of the missinlgy 3 andLy~ absorption lines in the
coverage ofA¢ = 0.039. A total of 341 spectra were obtained g RFEUS-| FUV spectra of AM Her (Raymond et al. 1995).
Regular monitoring observations with the GHRS/G140L
grating have revealed a slowly decreasing sensitivity below L
1200A (Sherbert et al. 1997). The response at 1A5@as re- 3.2. Interstellar absorption lines
duced in late 1997 by 15% with respect to the sensitivity just ahuring parts of the HST orbit when the satellite was in the earth
ter the Service Mission 1 in December 1993. We therefore recghadow, the geocoronkla emission is significantly reduced,
ibrated our GHRS data of AM Her with trealhrs  routine of clearly revealing interstellaky« absorption in the spectra of
stsdas , using the time-dependent flux calibration data giveam Her. Earth-shadowed intervals occurredat, ~ 0.44 and
by Sherbert & Hulbert (1997). We caution, however, that the , ~ 0.92 (Fig.[2), which allow us to determine the absorp-
absolute fluxes at the very blue end of the spectra (1180 A)  tion column density during orbital minimum and maximum, i.e.
may be still somewhat on the low side (SEct] 3.4). when looking either at the unheated backside of the white dwarf
The mid-exposure times of the individual GHRS specti@a looking along the accretion funnel feeding the main pole, re-
were converted into magnetic orbital phasgs., using the spectively. Paerels et al. (1994) found a small orbital variation
ephemeris determined by Tapia (see Heise & Verbunt 1988). Tadfehe absorption column density from EXOSAT grating data,

Phase coverag@é.,)  0.497 —0.103 0.142 — 0.705

in their radial velocity amplitudes: e.g- 75kms~"! in Heu,
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Fig. 1. Average spectra of AM Her at orbital maximum (top) and orbital minimum (bottom). The top and bottom panels give identifications
of the major interstellar absorption lines and of the emission lines, respectively. The tick marks of the line identifications are set to the rest
wavelengths.

ranging fromNyg = 4.2 x 10'? cm~2 during the soft X-ray faint Lya, among which the strongest ara N1200 (an unresolved
phase taVy = 6.7 x 10 cm™2 during the soft X-ray bright triplet), Sin A 1260.4 (blended with 65X 1259.5), Q A 1302.2,
phase. This increase dfy is intuitively explained by the higher Sin A 1304.4 and @ A\ 1334.5. The equivalent widths mea-
mass flow rate onto the active pole. sured from the average spectra arel00 mA, comparable to

We fitted a pure damping Lorentzian profile (Bohlin 1973hose determined for a small sample of cataclysmic variables at
folded with an 0.6 FWHM Gaussian to the observddya  d ~ 100 pc (Mauche et al. 1988). The centroids of the interstel-
absorption line. The resultingeutral column density iV, = lar lines can be used to check on the quality of the wavelength
(3 £ 1.5) x 10%ecm=2 for both phases, somewhat lower thaealibration of the GHRS spectra, which we found to be good to
the value derived from X-ray observationSy = (6 — 9) x ~ 30km s~
10'? cm~2 (van Teeseling et al. 1994; Paerels 1994; Paper 1). In Paper1, we found weak evidence for absorption of
There is no evidence for a phase-dependent variation of S A\ 1260.4,1265.0 in IUE low state spectra of AM Her, pre-
neutral hydrogen column density. The higher column densitissmably originating in the photosphere of the white dwarf. We
determined from X-ray data indicate the presence of materstess that all metal absorption lines in the GHRS spectrum are
along the line of sight, presumably within the binary systerof interstellar nature. This is underlined by the fact that only
in which hydrogen is ionized to a high degree while the othére blue component of 8i\ 1260.4 is detected; the red com-
elements are only partially ionized and still contribute to thgonent is caused by a transition from an excited level which is
soft X-ray absorption. not populated in the interstellar medium.

Assuming an average gas-to-dust ratio (Shull & van Steen-
berg 1985), our value dfy, = 3 x 10! cm~2 translates into a
limit on the reddening of/(B — V) < 0.006. Considering this
very low absorption, we use throughout the following analysia order to study the orbital modulation of the continuum
the observed data without correction for reddening. flux, we have selected three wavelength bands free of emis-

The GHRS spectra of AMHer contain several interstesion lines: 1150-1167A (Band 1), 1254-1286A (Band 2), and
lar absorption lines from low ionization species in addition th412-1427A (Band 3). The continuum light curves obtained

3.3. The observed continuum flux variation
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Fig. 2. InterstellarLy« absorption in GHRS spectra of AM Her whengig 3, UV light curves of AM Her in three continuum bands. From

HST was in the earth shadow. Orbital phases are indicated. The dagp@do bottom: 1156 1167A, 1254-1286A, and 1412-1427A. The

lines give the absorption fa¥i, = 1 x 10"cm ™ (upper curve) and |ight curves are separated by 3 units in the flux scale, dotted tick

Ni, = 5 % 10"cm™? (lower curve). marks indicate the zero level for each curve. The solid lines are simu-
lated light curves from the best fit to the observed 125286A and
1412-1427A light curves. The model flux in the 115A167A band
(dashed line) is somewhat too high, possibly due to remaining uncer-

from averaging the phase-resolved GHRS spectra in these thaggies in the G140L calibration, as described in Sect. 3.5.

bands display a quasi-sinusoidal modulation with the amplitude

increasing towards shorter wavelengths (Eig. 3). Maximum UV

flux occurs at,,1, = 0.0, which is consistent with previous IUE 1

observations of AM Her, during both the high state and the low

state (Paper 1). The phase of the UV flux maximum agrees with#

that of the maximum hard X-ray flux (e.g. Paerels et al. 1994

Paper 1) and EUV flux (Paerels et al. 1995), indicating that t “\-}

T 1000[K]
25 30 35

In Paper 1, we ascribe the observed orbital modulation of th2., = 0.1 3 Porb =0.5  Porb
UV flux to the changing aspect of a rather large, moderately o
spot on the white dwarf. We fitted white dwarf model spectrr]ﬁb' 4. Temperature maps of the best-fit model
to phase-resolved IUE observations, obtaining a flux-weighted
mean temperature and a mean source radius from each spectrum.
During the low state, the flyx Va”a?“on .is accompanied by3';}4' Simulated phase-resolved spectra and light curves
variation of theLy« absorption profile width, which allows a
reliable determination of the white dwarf temperatdfgg ~ In order to constrain the temperature distribution over the white
20000 K, and a good estimate for the spot temperatilifg,; ~ dwarf surface, we have developed a 3D white dwarf model
24 000K, and the spot sizef ~ 0.1 of the total white dwarf which allows the simulation of phase-resolved spectra and light
surface. However, during the high state, the broad geocorooatves. The white dwarf surface is defined by a fine grid of
Lya emission and the unresolvedviorofile are significantly several thousand elements of roughly equal area. Each surface
blended in thd.y«a region of the IUE spectra. The derived spotlement is assigned an effective temperature, allowing to pre-
temperature and siz&,,,, < 37000Kandf < 0.1, remained, scribe an arbitrary temperature distribution over the white dwarf
therefore, somewhat uncertain. The main conclusion of Papeutface. For each surface element, a synthetic white dwarf spec-
was that the flux emitted by the UV spot roughly equals the sunum with a corresponding effective temperature is selected from
of thermal bremsstrahlung and cyclotron radiation, indicatirglibrary of model spectra computed with the atmosphere code
that irradiation by the hot plasma in the accretion column malescribed in Paper 1. Simulated phase-resolved spectra are ob-
cause the heating of the large UV spot. tained by rotating the white dwarf model and by integrating the
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flux at each wavelength over the visible hemisphere at a given
phase. The main characteristics of the model spectra are (a) pure
hydrogen composition, (b) no magnetic field, I ¢ = 8, and

(d) no irradiation.

The strong magnetic field of the white dwarf in polars is
expected to prevent spreading of the accreted metal-rich mate- 30 [~
rial perpendicular to the field lines until the gas pressure equals
the magnetic pressure, a condition which occurs far below the
photosphere. In fact, there is no compelling observational evi-'
dence for the presence of heavy elements in the photosphéﬁe
of the white dwarf in AMHer (Paper 1), so assumption (a)?
therefore appears justifEdAs long as only the continuum is é o0 |-
used for fitting purposes, the weak Zeeman splittingaf for ¢
B ~ 14 MG (S. Jordan, private communication) and the changé
of the Lya absorption profile witHog g will not significantly
affect the results. The critical point is (d): we assume that the
spectrum of a white dwarf heated by irradiation resembles th;a_,T<
of a somewhat hotter but undisturbed white dwarf. In what fol-
lows, we describe a simple model which accounts for the main 10
characteristics of the data.

For the sake of simplicity, we chose a circular spot with
an opening anglés,.;. The spot has a temperature distribu-
tion decreasing linearly in angle from the central valug,; at
the spot centre until meeting the temperature of the underlying

white dwarfTy,4 at ... The centre of the spot is offset from 0 LV L L
the rotational axis by an anglg,., the colatitude. Note that 1200 1300 1400
Bspot does not necessarily equal the colatitude of the magnetic A[A]

pole, commonly designate@l The centre of the spot is offset

in azimuth by an angl@, measured from the line connectingig. 5. A sample of A¢ = 0.1 phase-resolved GHRS spectra of

the centres of the two stars. AM Her. The spectra are separated by 7.5 units in the flux scale, dotted
tick marks indicate the zero level for each individual spectrum. Plotted
dashed are simulated phase-resolved spectra from the best-fit model.

3.5. Fitting the observed light curve: Results and caveats The geometry for each phase is shown in Big. 4

We fitted simultaneously the observed light curves in Band 2

and 3 only. Because of uncertainties in the calibration oéthe ) )
soluteflux of the G140L spectra at the very short wavelengttficause the continuum slope of the white dwarf model spec-

(Sect[2), Band 1 was not included in the fit. An evolution straff® approaches a Rayleigh-Jeans distribution for temperatures
egy algorithm (Rechenberg 1994) with 6 free parameters was’) 000 K and becomes independent of the temperature.

used for the Optimisation: the white dwarf temperam’ the The simulated ||ght curves in Bands 2 and 3 from the best fit
white dwarf radiusR,.q, the maximum temperature of the spo@re shown in Fid.13. For completeness, Eig. 3 also compares the
Teent,» the opening angle of the sp,., the colatitudeds,.;, SYynthetic light curve in Band 1 with the observed one, show-
and the azimuth of the spdt. Fixed parameters are the dising that the model fluxes are somewhat too high. As noted

tance to AM Herd = 90 pc (Paper 1; Beuermann & Weichhold@bove, this may be due to remaining imperfections in the abso-
1998), and the inclination of the system= 50° (Davey & lute flux calibration of the GHRS/G140L setup at the shortest

Smith 1996; Wickramasinghe et al. 1991). wavelengths. The white dwarf temperature derived from the
The best-fit model results iff,q = 21000K, R,y — HST light curves is in good agreement with the upper limit
1.12x10° €M, Toene = 47 000K, Opor = 69.2°, Bapor = 54.4° of 20000K based on IUE low state spectra (Heise & Verbunt
and¥ = 0.0°. The opening angle converts into a fractional spd988; Paper1). The same is true for the temperature and the
areaf ~ 0.09. The fit proved to be robust ifi,q, Rwa, ¥ and Size of the spot, even though these are less well constrained.
fspor. However, the opening angle can be traded for the cepmaller spots result in a flattening of the synthetic light curve
tral temperature of the spot within certain limits (see below)! the rangebo., = 0.37 — 0.57, as the spot eventually disap-
pears entirely behind the limb of the white dwarf. A fit with e.g.
L This i in strong contrast to the situation in dwarf novae, whereeent = 90000 K andf,o, = 40°, corresponding t¢ = 0.03,
high metal abundances are derived from UV spectroscopy for the pR¥l! yields a satisfying result. However, it is formally not pos-
tospheres of the non-magnetic accreting white dwarfs (e.g. Long etsible to exclude even smaller spots with higher temperatures.
1993; Sion et al. 1995). Yet, even though not statistically significant (see below), the




938 B.T. Gansicke et al.: HST/GHRS observations of AM Herculis

Wavelength (A)
1170 1175 1180 1235 1240 1390 1395 1400

o
&

Binary orbital phase
o
o

|
o
3

L : -I i I |_¥| ;?r-:' L :-I. -:I-;-_-hl
-1000 O 1000 -1000 0 1000 -1000 0 1000
Velocity (km s%)

Fig. 6. Trailed spectra of the @ A\ 1176 line (left), N\v A\ 1239, 1243 doublet (middle), and 18i\\ 1394, 1403 doublet (right) in AM Her.
The velocity scales of the doublet lines are centred on their blue halves, and only a small part of the red halfiefdbetsét is visible in the
figure.

observed light curve is better fitted with a spot large enough radt 1980). We computed the mean scatter in the observed light
to be totally self-eclipsed, as the roundness of the observed lightve by subtracting a light curve smoothed with a 30 point
curve inthe rang®,,;, = 0.35—0.65 is better reproduced. Theboxcar. Adopting the standard deviation of this mean scatter,
temperature maps of the white dwarf surface resulting from timhnich is8 — 10% in the different bands, as the mean error of the
best fit are shown in Fig] 4. individual points, our best fit yields a reducgd = 571/676.

A sample of simulated phase-resolved spectra along wigNen though this is formally satisfying, a number of systematic
the GHRS observations is shown in Fijy. 5, clearly revealing tH8certainties remain.
major shortcoming of our approach: the model predicts a deep

and broad absorption line fya, but the GHRS observations(P) We assume in our model thalf the continuum flux origi-
show only a rather shallowya absorption. The most likely nates from the heated and unheated surface of the white dwarf.

cause of this disagreement will be discussed in Segt. 4.1. This overestimates the white dwarf flux and, hence, its radius, as

. . . thE illuminated accretion stream certainly contributes to the ob-
On close inspection, the observed light curves show aWe&ived continuum flux. In Paper 1, we were able to uantify this
depression ab.,, ~ 0.97. With an inclinationi = 50° and a ) b ’ d

colatitude of the spot centrg.,., ~ 55°, the line of sight is continuum contribution thanks to the broad wavelength cover-
P spot ™ : 9 age of the IUE SWP and LWP cameras. The narrow wavelength
almost parallel to the accretion funnela@t,, ~ 1.0, and part . o
) . b?nd covered in the GHRS spectra does not allow a similar
of the hot spot will be obscured by the magnetic coupled part 0 :
. . L tr%atment, and we rely on the results from Paper 1, i.e. that the
the accretion stream. The weak absorption dip in the observe ibuti fth . he ob d .
light curves may be due to this shadowing effect contribution of the accretion stream to the observed continuum
. ' is likely to be S 10% for A < 1400 A. The light curves of the
There are a number of caveats concerning our model for if&,aq emission lines are shifted 180° in phase with respect
UV light curve: o to the continuum flux (Sedt3.7; FIgJ11), with maximum line
(@) A proper statistical assessment of the goodness of thefifik occurring atp,.1, ~ 0.5. Therefore, the error introduced by
is difficult: The statistical error for each individual point (theneglecting the stream continuum contribution is largest during
standard deviation of the flux bins in the band divided by thie faint phase, partially explaining the shallowness of the broad
square root of the number of bins) is very small. Hence, thg« absorption ath,,1, ~ 0.5.
scatter in the observed light curves (F1h. 3) has some under-
lying physical origin. This is not too surprising, as AM Hel(c) The spot may not be circular. Modelling phase-resolved po-
shows strong flickering on various timescales both at optidatimetry, Wickramasinghe et al. (1991) find a cyclotron emit-
wavelengths (e.g. Panek 1980) and at X-rays (e.g. Szkodytirg region elongated by0° in magnetic latitude. However,
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unless the spot is significantly asymmetric, the ultraviolet light F
curves are not sensitive to the actual shape of the spot. 1000 I SilV 1
(d) A second active region offset by 180° has been detected B 21394 ]
in polarimetry (Wickramasinghe 1991) and may contribute to L ]
the UV continuum flux during the faint phase. This would result - 1
in an overestimate 6fy,q. 0 - .....’ i
(e) The temperature distribution undoubtedly deviates from a -

linear gradient in angle. An indication that this is the case L ] ]
comes from the observed EUV flux of AMHer. Choosing - 1
Teent = 265000K, as derived by Paerels et al. (1996), it is _1000'_ i
not possible to reproduce the observed ultraviolet modulation

without exceeding the measured EUV flux. Assuming a lin- L
ear decrease of the temperature with angle gives an upper limit - '

it > 980 L 1
Teent S 200000 K, and a lower limitfspor < 28 10000 NV ]

3.6. Doppler tomography

sh

Fig.[d shows the trailed spectra of thenQ 1176 line and the

NvAX1239,1243 and $i A\ 1394, 1403 doublet lines con-
structed by combining the 341 individual AM Her spectra, ex-x L i
tracting narrow regions around the line centres, and subtracting - ]
the continuum by means of a third-order polynomial fit. In the ~1000L
doublet lines, the zero point of the velocity scale was set at the
central wavelength of the blue doublet peak. Both a narrow and L |
a broad emission component are clearly visible in the trailed - P
spectra of the two doublet lines, while thendine appears to 1000 " ! C1ll ]
contain only a broad component. - 1176

y (km
o
-

The trailed spectrum of the I line shows a broad, weak L L
S-wave with a full-width of~ 1000 kms~' and a maximum
(edge-to-edge) amplitude 6 +2000kms~'. The line in- ol
tensity is strongest at orbital phaség, ~ 0.6 — 0.7, and
weakest at phases,, ~ 0.8 — 1.1. Both of the doublet lines
have trailed spectra displaying a broad S-wave component sim-
ilar to the Cui line, and a superimposed, narrow (full-width -1000L
~ 100 km s~!), low amplitude £ 200 km s~!) S-wave compo-
nent. As in the Qi line, the doublet line intensities are strongest L |

at gorp, =~ 0.6 — 0.7, and weakest ab,,, =~ 0.8 — 1.1. Other _
than the difference in blue and red component separation, the 1000 0 1 1000
trailed spectra of the two doublet lines differ in one obvious V, (km s7)

respect: the narrow S-wave in thevNine is visible throughout o

the entire orbit at approximately equal strength (slightly weakE}g- 7- Doppler tomograms of UV lines in the spectrum of AM Her.
at oo ~ 0.75 — 1.15), but the narrow component of theiBi

line completely vanishes in the phase range 8.735. .

In order to construct Doppler tomograms from the data, thiim of the Sii emission complex at= 1300A (which also
spectra were resampled onto a uniform velocity scale, and ayggks a narrow component) is qualitatively similar to that of the
aged into orbital phase bins of widthg = 0.01. This resulted Cui line, and we would expect it to produce a correspondingly
in 3—4 spectra combined into each phase bin, thereby incregigailar tomogram. However, the presence of two strong inter-
ing the signal-to-noise while preserving a high phase resoluti@tellar absorption features produced substantial artifacts in the
The tomograms were calculated using the Fourier-filtered baBki tomogram that prevent a direct comparison with the other
projection technique (e.g., Marsh & Horne 1988; Horne 1991ies.

Fig. [4 shows the tomograms of theiC\1176 line and the blue The ring with a radius of~ 1000 kms~! visible in the

components of the M(1239&) and Siv (13945\) doublets. To- Nv tomogram is an artifact produced when the flux in the red
mograms for two other relatively strong emission lines in theeak of the doublet (which is located at a velocity offset of
UV spectrum of AM Her are not shown. The tomogram of thes 1000 km s~! from the blue peak — see FIg. 6) is smeared out
Cu A 1335 line, which lacks a narrow component, is qualitaround the tomogram. A similar artifact is observed when the
tively similar to that of the stronger € line. The trailed spec- Siiv tomogram is plotted to larger velocities (the doublet sep-
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Pory doublet and the single Gaussian fits to the, Gin, and Qu lines,
. ‘?‘ | ‘9‘5‘)‘ | “1‘ ~ ‘1‘~5M | ‘(‘3‘ | ‘(‘3?‘ | ‘]‘1‘ ~ }‘53 along with the best sinusoidal fits to the data (solid lines).
100 NV + SiIv E
= 50 e o + =
7] & P Q ]
é 0E 3 *+ < of the strong emission region is suggestive of an origin on or
~ _s50F o + 4 near the secondary star (see the figure in Horne 1991 com-
s r T 1 paring velocity and position coordinates in a CV) — we will
SO0 il li.sd  explore this possibility further in Se¢f_3.3. We used contours
E 50 5 | 5 —+ ) ‘OOO | ) LOO -1 plotted at intervals of 5% of the peak intensity in the tomo-
0 ™, o%ofm@qu%o 2@6%"%?1’ at, © Pew® ° 7 gram (not shown) to locate the centre of the strong emission
S0F T e region, at(Vy, Vy,) = (+10,+90) kms~! (with an uncertainty
0 05 1 15 0 05 1 15 2 ofx+10kms!ineach coordinate). This emission is asym-

Prmag metrically distributed relative to both velocity axes. The 70%

~ —1
Fig. 9. Radial velocity curves of the narrow component in the emissic%ee:lf 002n5t?ur i)ggﬂds f[?m‘ ~ —6010+90kms™" and from
lines of Nv (left) and Siiv (right), along with the best sinusoidal fits 'y ~ — 0+ ms

to the data (solid lines). The bottom panels show the deviation of the The fan-shaped emission component in ther &mogram
data from a pure sinusoidal shape. is most likely produced by the accretion stream of AM Her. The

initial ballistic trajectory of the stream would produce emission

at velocities starting at thé, point on the+V;, axis, and ex-
aration in Siv, ~# 2000 kms~1, is larger than in N'). The red tending roughly parallel to the V, axis for some length before
halves of the doublet lines, as should be expected, yield tonearving into the(—V%, —V;) quadrant (e.g., see Horne 1991
grams identical in structure (above the noise) to the blue hahssl Fig[Ih), thus accounting for the weak emission above the
(although the former are somewhat weaker in overall intensity, axis in the(—V4, +V,) quadrant (and, presumably, some
than the latter, as expected from the relative strengths of tntinuing contribution along the outer edge of the fan). The
doublet peaks, which are also weaker on the red side). remaining weak emission is produced by the range of observed

The Siiv tomogram contains two main emission regionsadial velocities of the stream material once it is being chan-

(1) a roughly circular area of strong emission located near thelled along the magnetic field lines (e.g., Schwope et al. 1995).
velocity origin, and (2) a broad “fan” of less intense emissioAs expected for a strongly magnetic CV like AM Her, there is
emanating from the velocity origin and extending (primarilyfo ring of emission indicative of a disc in the tomogram. There
into the (—V4, —V;) quadrant of the tomogram. These emiss also no apparent enhancement to the 8mission anywhere
sion regions can be directly attributed to the narrow and broalihng the—V;, axis, where a contribution from the white dwarf
emission line components, respectively. The general locatiaould be located.
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0 05 1 15 5 3.7. Gaussian fits to the emission line profiles
Bore In order to measure radial velocity and line flux curves for the

_ o _ UV emission lines in AM Her, we binned the HST spectra into
Fig. 11.The lower panel shqws_emlssmn line fluxes fo_r (@sterisks), o4 grpital phase bins of width¢ = 0.04 (a 25th bin is empty
the narrow component of 8 (triangles), and the combined broad angl, -, 56 5 section of the CV's orbit was not observed by HST).
r."gh velocity components of i (C'rde.s)' The upper panel shows the'We then fit single or multiple Gaussians (plus a linear function
line fluxes for Sin (squares) and @ (diamonds). . . . .
for continuum subtraction) to the line profiles. The number of
Gaussians used for a given line depended on the complexity

The Nv tomogram of AM Her is similar in appearance twf the line profile. For the @, Sim, and Cn lines, a single
the Siv tomogram. Again, a strong, compact emission regiddaussian was used. For thexSioublet, a total of 6 Gaussians
is present on the-V, axis, and a weaker fan of emission exwere used, 3 for each half of the doublet. These 3 Gaussians, in
tends to larger negative velocities. However, the fan emissiortusn, were used to fit the narrow and broad line components seen
weaker overall than in the &itomogram, and has its strongesin the tomographic results (see Séctl 3.6), as well as a weak, high
part along the trajectory most consistent with the initial, balliselocity component revealed as a residual component during an
tic accretion stream. It is not clear if this difference in the faimitial attempt to fit the Siv doublet profiles with 2 times 2
emission intensity distribution implies an actual difference iBaussians. The separations of each of the 3 blue-red pairs of
the physical distribution of N and Siv emission regions in Gaussians was fixed to the separation of the 8oublet and
AM Her, or if itis simply an artifact in the tomogram caused byheir centres were allowed to vary in tandem only. In addition,
contamination from the broad emission component of the réte FWHM of the Gaussians in each of the 3 blue-red pairs were
half of the more closely spacedNJoublet. required to be equal to each other, under the assumption that

On closer inspection, we also found the strong emissitith halves of each of the 3 doublet components should form in
region in the Ny tomogram to be somewhat different from thathe same region and, hence, display the same intrinsic velocity
in the Siiv tomogram. Specifically, the centre of this regiofroadening in their profiles. To provide an additional constraint
(determined by plotting the 5% intensity contours as favBi in fitting this complicated line profile, the amplitudes of each
is located at(V, Vy) = (4+30,+20) kms™!. This implies a blue-red Gaussian pair were required to be related in the ratio
smaller orbital velocity around the centre-of-mass and a high#ue:red = 1.0:0.8 (Reader et al. 1980). We attempted a similar
degree of asymmetry relative to rotation around theaxis approach with the N doublet, but the more variable continuum
than for the strong emission region in thexSiomogram (see and more severe blending of the doublet halves prevented us
Sect[4.B). The 70% contour level extends frdin~ —50 to from obtaining a reliable 6-Gaussian fit. We were only able
+110km s~ 'and, despite the increasEdoffset of the emission to fit 2 Gaussians of fixed FWHM and separation to the narrow
centre, fromV, ~ —60 to +90 kms~!(i.e., the same extent ascomponents in the Ndoubletin order to obtain a radial velocity
the 70% contour in the $i tomogram). curve of the narrow component.

The Cii tomogram contains only a broad, fan-shaped emis- The centres of the Gaussians for the individual line compo-
sion component very similar in extent to that in thevSbmo- nents were converted to velocity offsets from the corresponding
gram. The strong, compact emission region on+1ig axis line centres. In the case of the doublet lines, we present here
is absent from this tomogram, corresponding to the lack ofoaly the results of the fits to the blue halves of the doublets.
narrow component in the € emission lines (see Figl 6). Fig.[8 shows the radial velocity curves of the 3 components of
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Fig. 12a—d.“A poor man’s model of the heated atmospheandb Temperature structures modified as described in the¢extdd Model
spectra computed from the temperature structarasdb, respectively. The line types of the individual spectra correspond to those used for

the temperature structures. The solid curves show the temperature strugfued (), and the spectrumg) and @), of the undisturbed
Tesr = 20 000 K white dwarf.

the blue half of the S doublet, which are very similar to thosemask whatever contribution from the high velocity component
obtained for the 3 components in the iH®4686 line of the that might be contained in the tomogram.

polar HU Agr (Schwope et al. 1997). The best least squares fit Fig.[g shows the velocity curves of the narrow components
of the sinusoidal function of the blue halves of both the Giand Nv doublets, along
. with their best fit sine waves (see Table 2 for parameter values
Vi(dorb) =7 — K sin[2m(¢orb — ¢o)] (@) and uncertainties). There are no velocity points for the narrow
to the broad and high velocity components are shown in th@mpPonent of Siv in the orbital phase interva,, ~ 0.7—
figure. The parameters of the fits (i.e., the systemic velety,o-l since the narrow component vam_shes during these phases
radial velocity semi-amplituddy , and phase offset,, whichis (see Figlb), probably due to obscuration by the secondgry ;tar
defined as the lag between the observed red-to-blue crossing¥3ct[4:B)- As suggested already by the tomograms, the implied
the emission line velocity and the expected phase of the supefRffial velocity semi-amplitude of the narrow component of N
conjunction of the white dwarf) are listed in Tafle 2, along witff Substantially smaller than that of i The phase offsets of
their 1 uncertainties determined from a Monte Carlo simul&® 0.5_re|at|ve to superior conjunction of the wh_lteQWarfforboth
tion. The implications of the results for the narrow componelif€S imply that the source of the narrow emission component
velocity curves will be discussed in S&cE]4.3. Although the v €ither on the secondary star or follows the motion of the
locity curve of the broad component is fit quite well by a sing®condary star around the binary’s centre of mass.
wave, the large parameter uncertainties and substanjal of Fig.[10 shows the velocity curves from the broad compo-
the high velocity component attest to the non-sinusoidal natirent of Siv and the single Gaussian fits taiCSim, and C;
of its behaviour as a function of orbital phase. The weak, highe fit parameters are listed in Table 2. All four curves have
velocity component detected in thegiline does not make phase offsets o& 0.2, but display a range of velocity semi-
a noticeable contribution to the tomogram of that line, evémplitudes: Siv has the smallesk’, the two carbon lines have
when the tomogram is plotted to larger velocities than shodarger, approximately equdl values, and Si has the largest
in Fig. [@. There are two main reasons for this: first, the high -
velocity component is weak compared to the narrow and broad Fig.[I1 shows the flux curves determined from the Gaus-
line components, and its apparent relative brightness in the $@an fits for the narrow component ofi@i(note that this is the
mogram will be further decreased by being smeared out arodhck of the blue half of the doublet only), and for then§iCu,
the high velocity perimeter of the tomogram. Second, the ccand Cin lines. A flux curve for the broad component ofi8is
tamination from the red half of the Sidoublet, which occurs at also shown in the figure; however, this is actually the sum of
a velocity offset approximately equal to the maximum range tfe fluxes of the broad and the high velocity components of this
variability of the high velocity component, will overpower andine (again, the blue half of the doublet only). The fluxes de-
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termined individually for these components from the Gaussian 10
fits suffered some confusion at orbital phases when the com-
ponents’ radial velocity curves crossed each other (se¢Fig. 8).
Flux curves for N/ are not available because of the difficulty irf‘<E
distinguishing the blended components of its line profile using,
the multi-Gaussian fitting approach (as mentioned above). Thie g
behaviour of the S broad component and the non-doublet Iinege
flux curves is similar in all four of the lines, with a minimum 0
at o, ~ 0.9-0.0 and a maximum at.,;, ~ 0.5-0.6. The £ 4

S T T TS N SO IR N

flux curve of the narrow component of 8ihas a maximum at ‘3
dorb ~ 0.3, and vanishesinthe phase ragg, ~ 0.70—0.05. — 5
=
4. Discussion ol O T
1000 1100 1200 1300 1400
4.1. The temperature structure of the heated atmosphere A[A]

A major difficullty in the interpretgtipn of the origin of the UVFig. 13. Combined ORFEUS-I (9001150A) and HST/GHRS
and EUV continuum of AM Her in its high state has been thg150_14354) spectrum of AM Her in high state ato., = 0.12 —
absence and/or weakness of the absorption features expegtes For comparison, a low state faint-phase IUE spectrum of AM Her
from a hot high gravity atmosphere. The ORFEUS-I spectraigflotted (1225-1435A). Shown as dashed lines are the best-fit model
AM Her in high state do not show any evidenceKgr3 or Lyy for the unheated backside of the white dwarf and the contribution of
absorption (Raymond et al. 1995), the EUVE spectrum doés heated spot according to SECIl 4.1. The solid line is the sum of the
show weak edges of Nevii, but lacks the expected strongwo model components. The emissiorigfo is of geocoronal origin.
Ovizs,2p edges (Paerels et al. 1995). The common answer to
that riddle is that heating the white dwarf by irradiation from
the post-shock plasma causes a flatter temperature gradierdtinosphere. Fig. 12b shows the temperature structures for dif-
the atmosphere, weakening absorption features which fornfextent values of... This modification mimics the presence of a
Rosseland optical depths.ss < 1. Only a limited number of hot corona with a temperature inversion.
irradiated white dwarf model atmospheres exist in the litera- From these modified temperature structures, we synthesised
ture, e.g. Williams et al. (1987) and van Teeseling et al. (1994)odel spectra by solving the hydrostatic equation, computing
Other instructive papers, even though treating irradiation of ttige jonization equilibrium, occupation numbers and the absorp-
secondary star in accreting binaries, are Anderson (1981) ajath coefficients, and solving the radiative transfer. The result-
Brett & Smith (1993). The theoretical temperature structur@sy spectra are shown in Fig. 12c,d. In the isothermal case
show mainly two features: a thin, hot, corona-like layer at thgig. 12a,c), the absorption lines become weaker with increas-
outer boundary of the atmosphere and a flat, sometimes cangy 7., and, thereby, also increasing, and the continuum
pletely isothermal temperature structure atlarger optical depthgproaches the slope of a blackbody. If a hot layer extends
For optical depths..ss > 1, the temperature structure usuallyeeper than to Rosseland optical depths, ~ 10~¢, strong
approaches that of the undisturbed atmosphere. emission ofLy« is produced (Fig. 12b,c). This is in contrast to

A fully self-consistent model for irradiated white dwarfthe observations of AM Her, which show no emissiorLefx
model atmospheres is beyond the scope of the present papergdbrihg the bright phase, i.e. when the heated region has its max-
we have computed two sets of “poor man’s models” in order imal projected area (Fifi] 1). During the faint phase, i.e. when
illustrate the main observational effects that can be expected.thAs spot is mostly eclipsed by the white dwarf, broad but weak
input, we use the temperature structilie-) of an undisturbed Ly« emission is present. This emission presumably originates
20000 K white dwarf, which was computed with the code dén the accretion stream, or in the outer edges of the hot spot.
scribed in Paper 1. This temperature structure was modifiednany case, there is no strong emissiorLefy at any orbital
two different ways. phase in our GHRS spectra and no emissio.gf, Ly~ in
(a)T'(7) was set to a constant valiig,., from the outer bound- the ORFEUS-| spectra (Raymond et al. 1995). This indicates
ary of the atmosphere down to an optical depttwhere the that any hot corona is limited to an outermost thin layer of the
temperature of the undisturbed white dwarf equBls,. For atmosphere.
optical depths larger than., T'(v) of the undisturbed white With the results from our simple models in mind, we at-
dwarf was adopted. Fig. 12a shows the temperature structuegapted a crude two-component fit to a combined FUV/UV
for several values df,,.. This modification mimics an isother-spectrum of AM Her, constructed from the ORFEUS-| spec-
mal regime in the heated atmosphere. trum taken atp,,, = 0.12 — 0.25 (Raymond et al. 1995) and
(b) The temperature was set to a constant, from the outer GHRS data selected from the same phase interval. Even though
boundary of the atmosphere down to an optical deptihereit AM Her was optically fainter by 0.3 mag during the ORFEUS-I
is smoothly changed into the temperature run of the undisturbmuservations, the two spectra match quite well in absolute flux.
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Fig. 15. Detail of the emission regions in the 18itomogram of AM

Her from Fig[7. The left panel shows the ballistic trajectories of the
accretion stream (i.e., in the absence of a white dwarf magnetic field)
for the cases discussed in the caption to[Fig). 14ifer= 150 km s ™!

andq = (a) 0.25, p) 0.50, €) 0.75, @) 1.00. The right panel shows
the ballistic trajectories of the accretion stream for a constant mass
- L ratio of ¢ = 0.50 with (starting from the innermost curvey, =
-200 O 200 100, 150, 200, 250, 300, 350,400 km s~ *.
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Fig. 14. The central regions of the ¥ (left) and Siv (right) tomo- al- (1991) to explain polarimetric observations could be used as
grams of AM Her’ from F|q:]7 Top: Superimposed on the tomograr%ﬁr:st estimate Of the Size a.nd Shape Of the CyC|OtI’0n em|tt|ng
are the secondary star Roche lobes for mass ratigs-6f0.25 (in- region.
nermost Roche lobe), 0.50, 0.75, 1.00 (outermost Roche lobe), as- Finally, we note that the situation during thmwv stateis
suming K> = 150kms™" for all values ofg. The corresponding somewhat different: our IUE data (Paper1) show an almost
centres of mass of the white dwarf are marked on 1€, axis 100% modulated.y« absorption line during both the bright
at Kwa = 37.5,75,112.5,150kms ™!, respectivel_y. Bottom: Sec- 5 faint phase. These data can be very well fitted with model
ondary star Roche lobes for a constant mass ratip &f 0.50 With  ¢,6¢ra of an undisturbed white dwarf of 24 000 K and 20 000K,
K - 100 (smallest RO.Che lobe), 150, 200 (largest ROChe lOb? spectively. The heated side of the white dwarf, hence, ap-
kms™". The corresponding centres of mass of the white dwarf aré . . )
marked on the-V; axis atKwq — 50,75, 100 kms ™, respectively. péars as an un@sturbe_d .but hot_te.r white dwarf; the erth of
the Ly« absorption prohibits ascribing the flux modulation ob-
served during the low state to a heated component as described
Fig.[13 shows the observations along with our two componenafiove (Fig. 12ald). An HST observation of AM Her during a
a model spectrum for the undisturbed white dwarf as obserded state is necessary order to confirm these IUE results at a
during the low state and an “irradiated” model spectrum as fiigher orbital phase resolution and a better S/N.
Fig. 12a—c, scaled appropriately. The sum of the two compo-
nents quantitatively describes the observations for an assu
size of the heated spot ¢f~ 0.15. This spot is uncomfortably
large, but, as discussed in S&¢t. 3, the accretion stream mightious estimates for the mass of the white dwarf in AM Her
contribute somewhat to the observed UV continuum. have been published so far, an incomplete list includgs =
Thus, it appears that the heated regions of the white dwér89 M, (Young & Schneider 1981)M,q = 0.69 My (Wu
in AM Her emit a blackbody-like spectrum without noticeablet al. 1995),M,q = 0.75 My (Mukai & Charles 1987),
emission or absorption features. This is in agreement with thé,q = 0.91 M (Mouchet 1993), and, the latestvalié, 4 =
EUV and soft X-ray data, which gave only marginal evidence22 M., (Cropper et al. 1998). Accepting the distance to be
for absorption/emission edges. d ~ 90 pc (Paper 1; Beuermann & Weichhold 1998), the UV
A fully satisfactory model for the phase-dependent emisbservations constrain the white dwarf mass. From our fit to
sion of the accretion heated white dwarf has to overcome tifee GHRS light curve, we obtaiR,,q = 1.12 x 10° cm, which
hurdles. (a) It is necessary to compute self-consistent whiterresponds td/,,q = 0.35 Mg, (carbon core model; Hamada
dwarf model atmospheres which include irradiation by therm&lSalpeter 1961). This can be considered a lower limit4f,,
bremsstrahlung and cyclotron radiation. (b) The flux and shag®e we assumed that all the continuum light comes from the
of the irradiating spectrum has to be estimated as a function(béated) white dwarf; any contribution from the accretion stream
the location on the white dwarf surface. While (a) is principallwill decrease the white dwarf radius and increase its mass.
a straightforward application of model atmosphere theory, (@n the other hand, the flux of the IUE low state data require
includes many uncertainties with respect to the geometry of tRgq ~ 9 x 108 cm, or Myq = 0.53 M. A mass as high as
accretion region. The model developed by WickramasingheleP2M,,4, Or Ry,q = 3.9 x 10% cm, would reduce the distance

V, (km s?)

1 1
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el Binary parameters
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to the system td ~ 45 pc in order to produce the observed UV  We can evemrxcludethat significant parts of the narrowaN

flux. A distance that low can be excluded both from the spectriemission originate on the secondary. ThesQiarrow emission

of the secondary star (Paper 1; Beuermann & Weichhold 19%B3appears ab,,;, =~ 0.70 — 1.05 (Fig.[8; Fig[T1), which is

and from the parallax (Dahn et al. 1982). We conclude that tHae to the self-eclipse of thie; region on the secondary, where
mass of the white dwarf in AM Her i8/,,4 = 0.35—0.53 M, heating by irradiation from the white dwarf is strongest, and
unless the distance differs largely frain= 90 pc. where, hence, emission is expected to be strongest. Frold Fig. 6,

The mass of the secondary star has been estimated by Sotiti§-2Pparent that the M narrow emission intensity does not
well et al. (1995) to beV/... = 0.20 — 0.26 M, a result con- show a significant orbital modulation. A consistent origin of N

firmed by Beuermann & Weichhold (1998). Thus, the range 8P the secondary would require tlhe emis;ion region tobe located

the mass ratiq = Muec/Myq is 0.38 to 0.74. further away fromZ, than the Siv emission region, hence at
larger radial velocities. However, the Wnarrow emission has
alower radial velocity than the $¥ narrow emission (Tablg 2).

4.3. The origin of the narrow emission lines We conclude that the GHRS spectra clearly demonstrate
i L the presence of highly ionized low-velocity-dispersion material

The narrow component seen in the emissionlines of anumbe{,afi, ¢ rotates with the binary and is located betwseand

A,M Her systems is commonly attnbuteq to emission fr.om thl‘irile centre of mass. A tempting possibility is that this material

side of the secondary star facmg the white d'warf'(e'.g. Liebert;& kept in place in a magnetic slingshot prominence emanat-

Stqckman 1985). This region is heated by wrgdlatlon from ﬂ?ﬁg from the secondary star. Evidence for such prominences

white dwarf and/or the hot spot(s) on the white dwarf surfa%\/e been found before in the dwarf novae IP Peg and SS Cyg

at the impact point(s) of the magnetically-controlled accreti Bteeqhs et al. 1996). We will explore the phvsical properties of
flow. The surface of the secondary star, which is defined by mgterial hold in t)He promineﬁce ina fEtuyre pa;?er.p

geometry of its Roche lobe for a given mass ratio and orbital

period, is preserved in the mapping from spatial coordinates to

the velocity coordinates of a Doppler tomogram. The secondaryt. On the broad emission lines

star's Roche lobe is symmetric about thé), axis in a tomo-

gram, with its centre offset fro;, = 0 by an amount equal A consistent interpretation of the broad emission lines encoun-
to the radial Ve|ocity Semi_amp”tude of the secondary dtar, ters some difficulties. The radial VE|OCity curves (@ 10) Clearly
The asymmetry relative to th%, axis of the strong emission indicate an origin in the accretion stream, with maximum red-
regions in the Siv and Nv tomograms of AM Her (Sedf3.6) shiftatg., ~ 0.9—1.0,i.e. whenlooking parallel to the stream,
can be understood as due to non-uniform heating of the s@gd maximum blueshift at.., ~ 0.4 — 0.5, i.e. when looking
ondary star's face (Smith 1995). The accretion stream shadé§-parallel to the stream. The Doppler tomograms (E1g. 15)
the leading side of the secondary star from irradiation by t§80w that most emission is centred around the ballistic part of
white dwarf/hot spot(s). This results in less heating on-fi¢  the accretion stream if reasonable values are chosen for the mass
side of theV/, axis, and, therefore, stronger emission onfig  ratio, e.gq = 0.5 and K> = 150 — 200 kms™".

side of thel/;, axis. This shielding effectis observed also in other The single-humped light curves of the broad emission lines
AM Her stars, e.g. in HU Agr (Schwope et al. 1997). with maximum flux atp.1, ~ 0.5 and minimum flux at,,, =

Closer inspection of the tomograms ofvNand Siv re- 0-9 (Fig.[11) are not quantitatively understood. On one hand,
veals, however, some difficulties in ascribing the entire ndfthe accretion stream were optically thick, one would naively
row emission to the irradiated face of the secondary st&XPect a double-humped light curve: the projected area of the
Fig.[I2 shows blow-ups of the tomograms of/Nind Siv ~ Stream is minimal at phases,;, ~ 0.0, 0.5 and maximal during
from Fig.[7. The Siv emission falls completely within the sec-Phasespo, ~ 0.25,0.75. This behaviour is observed e.g. in
ondary Roche lobe for reasonable parameters; 0.75 and HUAQr (Schwope et al. 1997) and QQ Vul &Gsicke 1997).

K, = 150kms~!. However, the N' emission requires ex- On the other hand, if the stream were optically thin, one would
treme values ag = 1.0 andK, < 150kms~!. As discussed in expect no variation of the line fluxes around the binary orbit.

Sect[ZP, the mass ratio is rather unlikely to be larger than 0.f3ptical depth effects, self-eclipse and irradiation of the stream
A number of radial velocity measurements have been obtairf88Y be responsible for the observed variation of the broad line
from the Na A\ 8183, 8195 doublet, the most reliable measuréUxes.

ment yieldsK, = 198 + 3kms~! (Southwell et al. 1995). As An interesting result of the GHRS observations is the detec-
discussed by Southwell et al., this value is an upper limit to ttien of a high-velocity component in the emission of\SiThe

real K-velocity of the secondary, as the irradiated face of thew flux of this component, however, prevents a location of its

secondary contributes less to the INgbsorption. After some origin in the Doppler tomograms, as already noted in Sedt. 3.6.
corrections, they give as a best estimafg = 174kms~!. The similar phasing of the radial velocity curves of the broad and
Considering these limits apand K5, our Nv tomogram indi- the high velocity component (Figl 8) indicates that both com-

cates narrow emission originating from material of low velocitgonents originate in regions of the accretion stream not too far
dispersiorinsidethe Roche lobe of the white dwarf, close to thapart, with the source of the high-velocity emission probably

L4 point. being located closer to the white dwarf.
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