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ABSTRACT

Aims. Every 5.5 yearsη Car’s light curve and spectrum change remarkably across allobserved wavelength bands. These so-called
spectroscopic events are likely caused by the close approach of a companion. We compare the recent spectroscopic event in mid-2014
to the events in 2003 and 2009 and investigate long-term trends.
Methods. Eta Car was observed withHST STIS, VLT UVES, and CTIO 1.5m CHIRON for a period of more than two years in
2012–2015. Archival observations with these instruments cover three orbital cycles and the events of 2003.5, 2009.1, and 2014.6. The
STIS spectra provide high spatial resolution and include epochs during the 2014 event when observations from most ground-based
observatories were not feasible. The strategy for UVES observations allows for a multi-dimensional analysis, becauseeach location
in the reflection nebula is correlated with different stellar latitude.
Results. Important spectroscopic diagnostics duringη Car’s events show significant changes in 2014 compared to previous events.
While the timing of the first He IIλ4686 flash was remarkably similar to previous events, the He II equivalent widths were slightly
larger and the line flux increased by a factor of∼7 compared to 2003. The second He II peak occurred at about thesame phase as
in 2009, but was stronger. The He I line flux grew by a factor of∼8 in 2009–2014 compared to 1998–2003. N II emission lines also
increased in strength. On the other hand, Hα and Fe II lines show the smallest emission strengths ever observed inη Car. The optical
continuum brightened by a factor of∼4 in the last 10–15 years. The polar spectrum shows less changes in the broad wind emission
lines; the Fe II emission strength decreased by a factor of∼2 (compared to a factor of∼4 in our direct line of sight). The He II equiv-
alent widths at FOS4 were larger in 2009 and 2014 than during the 2003 event.
Conclusions. The basic character ofη Car’s spectroscopic events has changed in the past 2–3 cycles; ionizing UV radiation dramat-
ically weakened during each pre-2014 event but not in 2014. The strengthening of He I and N II emission and the weakening ofthe
lower-excitation Hα and Fe II wind features in our direct line of sight implies a substantial change in the physical parameters of the
emitting regions. The polar spectrum at FOS4 shows less changes in the broad wind emission lines, which may be explained by
the latitude-dependent wind structure ofη Car. The quick and strong recovery of the He II emission in 2014 supports a scenario, in
which the wind-wind shock may not have completely collapsedas was proposed for previous events. As the result, the companion did
not accrete as much material as in previous events. All this may be the consequence of just one elementary change, namely astrong
decrease in the primary’s mass-loss rate. This would mark the beginning of a new phase, in which the spectroscopic eventscan be
described as an occultation by the primary’s wind.

Key words. Stars: massive – Stars: variables: S Doradus – Stars: individual: eta Carinae – Stars: winds, outflows – Stars: mass-loss

⋆ Based on observations made with the NASA/ESA Hubble Space
Telescope, obtained [from the Data Archive] at the Space Telescope
Science Institute, which is operated by the Association of Universities
for Research in Astronomy, Inc., under NASA contract NAS 5-26555.
These observations are associated with programmes #7302, 8036, 8327,
8483, 8619, 9083, 9242, 9337, 9420, 9973, 11506, 11612, 12013,
12508, 12750, 13377, and 13789. Based on observations collected at the
European Southern Observatory, Chile under Prog-IDs: 60.A-9022(A),
70.D-0607(A), 71.D-0168(A), 072.D-0524(A), 074.D-0141(A), 077.D-
0618(A), 380.D-0036(A), 381.D-0004(A), 282.D-5073(A,B,C,D,E),

1. Introduction

Giant eruptions of massive stars cause transient events that can
be confounded with supernovae; this fact is one of the most im-
portant unsolved problems in stellar astrophysics. Eta Carun-
derwent such an eruption from 1837 to 1858 and is the onlysu-
pernova impostor (van Dyk 2005) where the recovery from such
an event can be studied in detail (see reviews and referencesin

089.D-0024(A), 592.D-0047(A,B,C). Based in part on data obtained
with the SMARTS/CTIO 1.5m, operated by the SMARTS Consortium.
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Davidson & Humphreys 2012). In the past several yearsη Car’s
recovery process with respect to its pre-eruption brightness and
the dispersal of circumstellar material has reached an epoch of
rapid change. About 15 years ago the secular brightening trend
accelerated (Davidson et al. 1999a, Martin & Koppelman 2004,
Martin et al. 2006b; 2010). Today the central star appears 6–7
times brighter in the near-ultraviolet (UV) than it did in 2000
(Mehner et al. 2012). This requires a fundamental change in
ηCar’s outflow density and/or UV output if the innermost dust is
being destroyed or the dust-formation rate has slowed (the most
likely explanations based on available data, see Mehner et al.
2010b).

The star’s brightening is accompanied by changes in the
stellar wind spectrum. Optical spectra in 2009–2012 revealed a
factor of 2–3 decrease in the stellar-wind emission equivalent
widths since 1999 (Mehner et al. 2010b; 2012), suggesting a de-
cline of η Car’s mass-loss rate. The X-ray light curve is con-
sistent with a decreasing mass-loss rate (Kashi & Soker 2009,
Corcoran et al. 2010, Mehner et al. 2010b; 2012). These photo-
metric and spectroscopic observations demonstrate that the re-
covery could still be ongoing. As the star returns to equilib-
rium, the wind structure, mass-loss rate, and spectrum evolve.
This process is a unique probe of the post-eruption internaland
stellar wind structure and may provide clues to the instability
mechanism. On the other hand,η Car is close to its Eddington
limit and thus its intrinsic stability is precarious. Theamount of
change inη Car’s stellar wind parameters is highly uncertain,
because major changes of the spectral appearance in our lineof
sight may be triggered by smaller changes inη Car’s stellar pa-
rameters (Martin et al. 2006b, Madura et al. 2013).

Eta Car’s spectra and photometry show a 5.5 year cycle asso-
ciated with the orbit of a companion star (Damineli et al. 1997,
Davidson 1997). The nature of the companion star is not well
determined, but it is thought to be a 30–60M⊙ main sequence
star (e.g., Mehner et al. 2010a). Each event shows a very rapid
periastron passage of about 100 days. This implies an orbital ec-
centricity above 0.8 and likely 0.85–0.90. During periastron the
separation between the two stars is only 2–3 au and this close
approach of the companion star is thought to incite the so-called
spectroscopic events. For example, the high-excitation emission
lines that originate from nearby ejecta, and are probably ex-
cited by the companion, disappear for a few months. Strong
He II λ4686 emission appears and disappears at critical times
of the X-ray light curve and may be related to a shock break-up
(Davidson 2002, Soker 2003, Soker & Behar 2006, Martin et al.
2006a, Mehner et al. 2011b). The line profiles and line strengths
of hydrogen and helium also show an intricate (and not well un-
derstood) behavior. Many of these phenomena occur on time
scales of several months. Differences between the events pro-
vide valuable clues to their physics and the stellar system.We
reported the differences between the 2003 and 2009 events and
their implications in Mehner et al. (2011b). Periastron passages
may be triggering the long-term changes observed inη Car’s
light curves and spectra over the last two decades (Mehner etal.
2014).

The bipolar “Homunculus” nebula aroundη Car provides
us with the unique opportunity to investigate this stellar sys-
tem from different directions using the reflection nebula as a
giant extra-terrestrial mirror (Humphreys 1999, Davidsonet al.
2001b). Smith et al. (2003) showed thatη Car’s wind is stronger
towards the poles based on distinctive line profiles at differ-
ent stellar latitudes and that the latitude-dependence of spec-
tral features changes during events. Van Boekel et al. (2003)
and Weigelt et al. (2007) resolvedη Car’s wind directly with in-

terferometric observations. They found an optically thickwind
with a diameter on the order of 4.3 mas (≈9 au) in K-band
and elongated along the direction of the Homunculus nebula.
Recent work suggested thatη Car’s wind may be more spherical
than previously assumed and that the observed changes in the
latitude-dependence close to periastron, but also the observed
latitude-dependence at apastron, may be caused by a companion
instead (Richardson et al. 2010, Groh et al. 2012b, Mehner etal.
2012).

Our direct view of η Car is near stellar latitude 45◦

(Davidson et al. 2001b, Smith 2006). A particular location in the
southeast Homunculus lobe, however, provides a reflected view
from almost a polar-axis direction. That location is traditionally
called “FOS4” and was observed and discussed by Stahl et al.
(2005) and Mehner et al. (2011b). It is valuable for three differ-
ent reasons. (1) The spectrum of the stellar wind may depend
on latitude as noted above. (2) In most credible models, the orbit
plane is approximately perpendicular to the polar axis. Therefore
major Doppler velocity variations seen at FOS4 should not rep-
resent orbital motions. (3) Emitting material may be eclipsed by
the primary wind during a spectroscopic event. Near the polar
axis, such eclipses very likely do not occur, or in any case must
differ from our direct view. (One can of course imagine models
with arbitrarily tilted orbits; but only a contrived choiceof pa-
rameters would cause the orbital motion to affect timing, spectra,
and velocities similarly at both FOS4 and our direct view.) Since
the FOS4 reflecting region is located about 20 000 au from the
star, it is practically equivalent to a “view from infinity.”

With each orbit, the companion offers the unique opportunity
to probe the structure of the primary’s wind and circumstellar
material and to assemble its evolutionary path. We analyzedthe
most prominent spectral features at different stellar latitudes dur-
ing the 2014 event and evaluated several competing hypotheses
regarding phenomena occurring during the spectroscopic events.
We also investigated the observed long-term trends by studying
the time scales and amplitudes on which spectral changes evolve
during the 2014 event compared to previous cycles. In Section 2
we describe the observations, followed by the results in Section
3, a discussion in Section 4, and the conclusions in Section 5.

2. Observations and Data Analysis

We report on newHubble Space Telescope Space Telescope
Imaging Spectrograph (HST STIS; Kimble et al. 1998) spec-
tra obtained during the 2014 event (Table 1). Some of our re-
cent STIS observations were scheduled during the most criti-
cal epochs in 2014 Aug and Sep when observations from ma-
jor ground-based facilities were not feasible. In Davidsonet al.
(2014b) we have discussed a subset of these observations cov-
ering the small wavelength range around He IIλ4686 Å. The
STIS observations are very valuable, because they provide aho-
mogenous data set since 1998, they include observations in the
near-UV, and because of their spatial resolution, which separates
the central star from the nearby ejecta. All ground-based spectra
include narrow emission lines formed 0.′′2 to 1′′ away from the
star, and the amount varies because it depends on seeing, point-
ing, and instrument characteristics.

The STIS/CCD observations were conducted with the
52′′×0.′′1 slit with different slit position angles in combination
with the G230MB, G430M, and G750M gratings, which cover
the wavelengths 2340–8080 Å with spectral resolving power
of R ∼ 5000 to 10 000. We used reduction methods that in-
clude several improvements over the normal STScI pipeline
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and standard CALSTIS reductions (Davidson 2006).1 We ex-
tracted spectra of 0.′′1, which atη Car’s distance ofd ≈ 2.3 kpc
(Allen & Hillier 1993, Davidson & Humphreys 1997, Meaburn
1999, Davidson et al. 2001b, Smith 2006) correspond to a pro-
jected size of about 230 au. This is much larger than the binary
orbit, but small enough to exclude the Weigelt knots and similar
ejecta (Weigelt & Ebersberger 1986, Hamann 2012).

We monitoredηCar regularly with the Very Large Telescope
Ultraviolet and Visual Echelle Spectrograph (VLT UVES;
Dekker et al. 2000) since November 2013 (Table 1). In addition,
we used archival data, the majority being from theη Car cam-
paign with UVES (P.I. K. Weis). During that campaignη Car
was regularly observed between 2002 and 2009, see Weis et al.
(2005a), Stahl et al. (2005), and Weis et al. (2005b) for morede-
tails on the data and results. The UVES spectra since 2000 pro-
vide a homogeneous data set of high spectral resolution, cover-
ing three orbital cycles. UVES is a high-resolution opticalspec-
trograph, operating from 300–1100 nm. We used the DIC1 mode
with central wavelengths 346+580 and the DIC2 mode with cen-
tral wavelengths 437+860. Slit widths of 0.′′4 in the blue arm
and 0.′′3 in the red arm provide spectral resolutions of 80 000
and 110 000, respectively. The atmospheric seeing varied from
0.′′5–2.′′2 with a median seeing of 1.′′0. Observations were con-
ducted with a slit position angle of 160◦ at two locations in the
nebula. The first slit position is centered on the star and thesec-
ond position is offset 2.′′6 south and 2.′′8 east of the star and is
covering a location called FOS4 in the south-east (SE) nebula.
These observations are an extraordinary opportunity to investi-
gateηCar from different directions as the star entered and exited
the event in mid-2014. UVES data from the 2003 event viewed
from different directions were presented in Stahl et al. (2005).

The UVES data were reduced using the ESO UVES pipeline
(version 5.3.0 and 5.4.32). We extracted spectra at different po-
sitions in the nebula. The known geometry of the bipolar nebula
allows us to correlate each position in the SE lobe with stellar
latitude, assuming that the polar axis ofη Car is aligned with the
Homunculus axis.

As noted in Section 1, our line of sight has a stellar latitude
around 45◦, while reflected spectra in the SE Homunculus lobe
show higher latitudes. We focus on location FOS4 near the cen-
ter of the lobe, which reflects nearly a pole-on view (Smith etal.
2003, Davidson et al. 1995, Zethson et al. 1999). The FOS4 po-
sition is 3.7′′ south and 2.5–3.5′′ east of the star. The spectrum
at FOS4 is much less contaminated by nebular emission lines
from the Weigelt knots than the stellar spectrum in our direct
line of sight. The reasons for this fact may be related to sub-
arcsec structure in the circumstellar extinction (Davidson et al.
1995). Unlike direct observations of the star, FOS4 doesnot re-
quire high spatial resolution or precise pointing. The formof the
spectrum there varies only slightly across a 1′′ region.

The expansion of the nebula causes a velocity shift in
the reflected spectra. The value depends on the location in
the Homunculus lobe, see figure 4 in Davidson et al. (2001b).
Spectra in the nebula also show a time travel delay, because
of the difference in paths between direct line of sight and the
longer path from the reflection in the nebula (Meaburn et al.
1987, Stahl et al. 2005). The exact time delay depends on the
location in the nebula. We define FOS4 as the location where
∆v = +100 km s−1, which implies∆t ∼ 20 days (Stahl et al.
2005, Mehner et al. 2011b).

1 The reduced data from 2014 will become publicly available at
http://etacar.umn.edu/ in mid-2015.

2 The older UVES data were reduced with previous pipeline versions.

We obtained high resolution spectra with the CHIRON spec-
trograph (Tokovinin et al. 2013) on the CTIO 1.5m telescope
with a high time sampling close to the 2014 event. The Chiron
spectrograph is a stable fiber-fed echelle designed to obtain pre-
cise radial velocities of bright objects. The fiber has a 2.′′7 diam-
eter on the sky. We used the image slicer mode, which affords a
spectral resolution ofR ∼ 79 000. We obtained both long (300 s,
overexposing the strongest emission lines such as Hα) and short
(30 s) observations ofη Car.

The Chiron images were processed at Yale prior to deliv-
ery. Echelle orders between 4600 and 8800 Å were extracted
and flat-fielded and a wavelength solution was provided. We cal-
ibrated the blaze function by fitting the spectrum of the spec-
trophotometric standard starµ Col. The flux-calibrated orders
were interpolated onto a linear wavelength scale and merged.
Overlapping orders were weighted by the signal-to-noise inthe
extracted orders. For bright targets likeη Car the discontinuities
where the orders are spliced amount to a few percent of the con-
tinuum level.

These three spectral data sets span a range of effective aper-
ture sizes. The STIS spectra have an aperture of 0.′′1, the UVES
data set has varying apertures due to atmospheric seeing with a
median of 1′′, and the CHIRON spectra have an aperture of 2.′′7
(large enough to not be much affected by the atmospheric see-
ing). The observed line emission can depend on the aperture size
and thus the measurements need to be interpreted with some cau-
tion. Since outlying ejecta have structure at scales of 0.2–1.0′′ in
observations centered on the star, we did not attempt to adjust
STIS, UVES, and CHIRON measurements to the same effective
aperture. The HST measurements have mutually consistent pa-
rameters, and likewise for CHIRON. The UVES measurements
need to be evaluated with some care because the effective aper-
ture is slightly different each epoch.

When referring to “phase” in the 5.5 year cycle, we use a
period of 2023.0 days. Phase= 0.0 occurs at MJD 50814 (1998
January 1), phase= 1.0 at MJD 52837.0 (2003 July 17), phase=
2.0 at MJD 54860.0 (2009 January 29), and phase= 3.0 at MJD
56883.0 (2014 August 14). We denote time within a spectro-
scopic event byt, such thatt = 0 at MJD 54860.0, MJD 52837.0,
etc. Periastron most likely occurs within the ranget ≈ −15 to
+15 days. This is the same timing system used by Mehner et al.
(2011b; 2014). Quoted wavelengths are air values and Doppler
velocities are heliocentric. Velocities are not correctedfor the
systemic velocity of roughly−8 km s−1 (Smith 2004; see also
Davidson et al. 1997).

3. Results

The generally accepted view is thatη Car’s spectroscopic events
are caused by the close approach of a companion in an eccen-
tric orbit. Convincing evidence comes from a combination of
phenomena: 1. The primary star cannot produce enough ion-
izing photons to explain the high-excitation lines in the spec-
trum (Hillier et al. 2001, Groh et al. 2012a). 2. The first He II
emission peak occurred simultaneous with the X-ray decline
(Martin et al. 2006a). 3. The concept of shock breakup to explain
the observed 2–10 keV X-ray behavior (Davidson 2002, Soker
2003, Soker & Behar 2006, Martin et al. 2006a, Parkin et al.
2009).

During periastron the companion dives intoη Car’s intrin-
sically variable wind, disturbing its wind and ionization struc-
ture. This offers new insights every 5.5 years. We present key
spectral features and their evolution throughout the 2014 event
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and comparison to previous cycles. Spectral lines ofη Car’s stel-
lar wind regions can be classified into physically distinct cat-
egories. These categories have different combinations of radial
velocity behavior, excitation processes, and dependenceson the
secondary star:

– The low-excitation emission, such as H I and Fe II from the
primary wind (Hillier et al. 2001, Groh et al. 2012a).

– The higher-excitation He I features. Most authors agree that
these are related in some way to the secondary star, but the
details are controversial (Humphreys et al. 2008). Part of the
He I emission and absorption may arise in the primary wind
(Hillier et al. 2001, Groh et al. 2012a).

– N II multiplets 2–5 in both absorption and emission. They
arise in the primary wind, but depend mainly on UV radia-
tion from the secondary star (Mehner et al. 2011a).

– The He II emission, which requires soft X-rays from
the colliding-wind region (Steiner & Damineli 2004,
Martin et al. 2006a, Mehner et al. 2011b, Teodoro et al.
2012).

3.1. Hydrogen Balmer and Fe II lines

The equivalent width of Hα in our line of sight has decreased
progressively over the last two decades. Despite this, the mini-
mum values during the events of 2003 and 2009 were similar.
In 2014, however, the equivalent width reached its lowest value
ever observed in this star (Figure 1, upper panel). While Hα de-
creased in equivalent width, the apparent line flux was a factor
of ∼2 larger in the period 2009–2014 compared to 1998–2003.
This is because the apparent continuum has brightened, partly
because of decreasing circumstellar extinction. Since theextinc-
tion factor is poorly known, equivalent width is a better-defined
measure of the line’s intrinsic behavior.3 This statement applies
to other spectral features as well.

It is important to note that Hα and some of the Fe II
lines originate in a much larger region than anything else dis-
cussed here. Their emission zones extend beyondr ∼ 30 au
(Hillier et al. 2001), compared to the binary separationr .
3 au at periastron. In most models one can visualize the low-
excitation emission region as a very diffuse prolate spheroid,
with a conspicuous equatorial “cavity” on one side due to the
secondary star’s fast wind. Note also that Hα is remarkably in-
sensitive to gas density and temperature, unlike Fe II and most
other emission lines.

At FOS4, the Hα equivalent width has been mostly constant
over the last decades (outside the events). The decline during
the 2014 event matched the observations in 2003 and 2009. In
the past, the difference in equivalent widths in direct view of
the star and at FOS4 was puzzling and was interpreted as higher
dust extinction in our line of sight (Hillier & Allen 1992). Now,
the equivalent width at FOS4 is larger than in our line of sight.
Very likely this effect is related to latitudinal viewing angle –
i.e., FOS4 reflects the stellar wind spectrum as seen from a near-
polar direction. This makes it special in a bipolar wind model
(Smith et al. 2003), a wind-cavity model induced by the sec-
ondary star (Groh et al. 2012b), or any synthesis of these con-
cepts.

3 The STIS spectra are flux-calibrated. However, STIS observations
of Hα require very short integration times and shutter effects lead to
flux discrepancies on the order of a few percent. Our ground-based ob-
servations are not flux-calibrated and thus equivalent width is the only
available measure for the line strengths.
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Fig. 1. Equivalent width of the Hα emission during the
1998, 2003, 2009, and 2014 events (squares:HST STIS, dia-
monds: VLT UVES, triangles: Gemini GMOS, asterisks: CTIO
SMARTS 1.5m CHIRON, plusses: Richardson et al. 2010). The
timing of the equivalent widths at FOS4 are corrected for the
additional light travel time (tFOS 4 = t + 18 d).

For most ofη Car’s cycle there is no Hα P Cyg profile in
the spectrum of the star in our line of sight, while the spectra at
FOS4 show P Cyg absorption (Figure 2). This was seen as evi-
dence for a latitude-dependent primary wind (Smith et al. 2003).
Groh et al. (2012b) suggested that the observed latitudinalde-
pendence of Hα line profiles are dominated by the companion
star and the associated wind cavity. Figure 2 shows how the Hα

profile changes around the events in 2003, 2009, and 2014. In our
line of sight, P Cyg absorption develops at a phase of∼0.900 and
is present until a phase of∼1.100. The P Cyg absorption profile
was more structured in 2009 and 2014 than in 2003. The P Cyg
absorption velocity at FOS4, roughly−450 km s−1 relative to
the emission peak, is interesting because it is not much different
from our direct view of the star. In simple polar-wind scenarios,
one normally expects outflow velocities to depend strongly on
latitude (Smith et al. 2003, Owocki et al. 1996). Absorptionex-
tends to−1000 km s−1 at FOS4, but a deep minimum occurred
near−500 km s−1 before 2014. In 2014 it had largely vanished,
being replaced by a more complex and shallower structure.

At FOS4, Hα P Cyg absorption is present throughout the
cycle, but has been weakening relative to the continuum each
cycle. During the events, the absorption component strengthens,
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Fig. 2.Line profile changes in Hα during the 2003, 2009, and 2014 events observed with UVES in direct view to the star and at FOS4.
The spectra at FOS4 are corrected for the velocity shift of∆v = 100 km s−1, see Section 2. The key indicates the corresponding
phases of the displayed spectra, see last paragraph in Section 2. Red spectra indicate when notable changes in the P Cyg absorption
occurred. The blue tracings show the mid-cycle spectra whenthe companion star is at apastron and its influence onη Car’s wind
structure is minimal. The spike atop the Hα profile comes from older low-velocity ejecta and not from thepresent-day stellar wind.

but the line profile changes are much less pronounced than in our
direct line of sight (Figure 2; see also Weis et al. 2005b).

A narrow absorption feature near−144 km s−1 in the
Halpha profile regularly appears close to periastron passages
and was first noted during the 1981.5 event (Melnick et al.
1982). It disappears in the year(s) afterwards (Ruiz et al. 1984,
Damineli et al. 1998, Davidson et al. 1999b; 2005, Martin et al.
2010, Richardson et al. 2010). It reappeared in our data be-
tween 2014 July 22 and 29. This absorption feature may indicate
unusual nebular physics far outside the wind (Johansson et al.
2005). Richardson et al. (2010) proposed that this anomalous ab-
sorption originates in the nearby wall of the Little Homunculus
(Ishibashi et al. 2003) and that a change in ionizing radiation by
the secondary star is the cause for its sudden appearance shortly
before periastron passages.

The Fe II emission lines show decreasing equivalent widths
both in direct view and at FOS4 over the last cycles (see
Mehner et al. 2012 and Figures 3, 4, and 6). The broad Fe II
emission at 4570–4600 Å has weakened since 2003 by a factor
of ≈ 4 in our direct line of sight and by a factor of≈ 2 at FOS4.
The emission almost disappeared during the 2014 event. Even
though the 15-year Fe II decline is relatively weaker at FOS4, it

would be sufficient to indicate a trend in the stellar wind proper-
ties even if we had no direct-view spectra.

3.2. He I lines

The He I lines depend on photoionization by the companion star
by photons with energies> 24.6 eV. He I emission and ab-
sorption exhibit similar velocity behavior as the He II emission
(Nielsen et al. 2007, Mehner et al. 2011b). The velocity varia-
tions observed at FOS4 suggest that the helium lines are not
simply related to orbital motion of the secondary star, if weas-
sume that the orbit inclination isi ∼ 40–45◦ like the Homunculus
mid-plane. The observed velocity changes may represent flows
of highly ionized material, modulated by the secondary star.
The details are model-dependent: e.g., Nielsen et al. (2007),
Damineli et al. (2008), Humphreys et al. (2008), Kashi & Soker
(2007; 2008), Martin et al. (2006a), Davidson et al. (2001a).

The He I emission lines dramatically increased in strength
over the last 3 cycles (Figures 3 and 5). Figure 5 shows the
equivalent width and the line flux of the He Iλ4713 Å emis-
sion in STIS spectra. The equivalent width in 2009–2014 was
by a factor of about 2 larger than the equivalent width in 1998–
2003. The line flux showed a tremendous increase of more than
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λ4601–4643 lines at similar phases during the 2003 and 2014
events. The Fe II lines have almost disappeared in 2014. The He I
and N II lines have increased in emission strengths. They show
similar velocity variations with phase. He II is absent in 2003 at
phase 1.008, but strongly present in 2014 at phase 3.009.

a factor of∼8 in 2009–2014 compared to 1998–2003 and the
line became very bright during the 2014 event. This fact is es-
pecially remarkable becauseη Car’s spectroscopic events were
originally defined by aweakening of high-excitation emission
(Zanella et al. 1984).

The He I P Cyg absorption strength relative to the continuum
has been increasing since 1998 (Figure 6). In addition, an orbital
modulation of the absorption strength is observed. The strongest
absorption occurs several months before and after the events,
while it disappears completely during the events. The absorption
became strongest (relative to the continuum) in our observations
at phase 2.835. As expected from previous events, the absorption
then weakened closer to the 2014 event and had disappeared at
phase 3.001. The He I absorption reappeared in our data at phase
3.009 and has been increasing again in strength since. Basedon
the orbital modulation observed for the previous cycle, we ex-
pect the absorption to increase until a phase of∼3.100, before
decreasing again. To some extent, the cyclic He I absorptionbe-
havior can be qualitatively understood in terms of the expected
ionization-zone shapes. See Figure 5 in Mehner et al. (2012),
and the related discussion there.

3.3. N II emission

In Mehner et al. (2011a) we reported on the N II multiplet at
λλ5667–5711 Å. The N II lines exhibit radial velocity variations
similar to the helium lines (Mehner et al. 2011a; see also Figure
3). The N II lines and their velocity shifts are also seen in the
reflected polar spectrum at FOS4. The lines likely depend on
a form of excitation by the hot secondary star, but in different
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Fig. 4.Equivalent width of the broad Fe II blend at 4570–4600 Å
in our direct line of sight (black symbols) and at FOS4 (red sym-
bols) with Gemini GMOS and VLT UVES in 2002–2015. This is
an updated version of figure 6 in Mehner et al. (2012). The emis-
sion in our direct view of the star decreased by a factor of∼4, at
FOS4 by only a factor of about∼2 between 2003 and 2015.

regions than the He I lines. In contrast to He I, the N II lines de-
pend on photoexcitation at energies of∼18.5 eV. The N II fea-
tures should arise primarily in regions of the primary wind that
are close to the secondary star, and, therefore, close to theHe+

zones and the apex of the wind-wind collision zone.
During the 2014 event, the broad emission and absorption

lines of the N II multiplet atλλ4601–4643 Å became very strong
and dominated the spectrum aroundλ4600 Å in STIS data at
phase 2.993 (Figure 3). This was facilitated by the extreme
weakening of the Fe IIλλ4584,4629 lines. Like the bright He I
lines, this development is almost opposite to the spectroscopic
events seen decades ago. On those occasions, the EUV radiation
temporarily declined or even disappeared (Zanella et al. 1984).
The two N II multiplets mentioned here require strong EUV ra-
diation.

3.4. He II λ4686 emission

The He II λ4686 emission line appears only briefly at certain
stages during the events (Steiner & Damineli 2004, Martin etal.
2006a, Mehner et al. 2011b, Teodoro et al. 2012). This feature
provides important diagnostics to the nature ofη Car’s perias-
tron passages, because of its possible connection to a break-up of
the wind-wind shock. Theλ4686 emission appears and increases
in strength, when the 2–10 keV X-rays decline (Martin et al.
2006a; Figure 8). When the X-ray emission enters the minimum,
the He II emission disappears. A second, weaker occurrence of
He II emission is observed shortly afterwards, maybe related to
the reappearance of the X-rays (Mehner et al. 2011b).

The He II λ4686 line is by far the highest ionization fea-
ture in η Car’s UV to infrared (IR) wind spectrum. The tran-
sition is probably populated via photoionization and subsequent
He++ → He+ recombination. It requires a temporary source of
He+-ionizing photons (with energies> 54 eV). The most plau-
sible energy source are soft (54–500 eV) X-rays, produced in
the shocked gas of the primary wind. The He IIλ4686 emis-
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λ4713 emission in our direct line of sight in STIS data since
1998 March (filled squares). The line was integrated between
∼4711.5 Å and 4721.5 Å (we varied the blue side of this range
somewhat to exclude the absorption component) with a contin-
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open squares show the continuum variation between∼4711.5 Å
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vertical lines. The relative line flux and continuum were normal-
ized to unity at phase 0.6. The He Iλ4713 line flux increased
by more than a factor of∼8 in 2009–2014 compared to 1998–
2003, while the continuum increased by a factor of∼5. During
the 2014 event, the line became tremendously bright.

sion likely originates inη Car’s wind close to the wind-wind
collision (WWC) and/or in the cold, dense post-shockη Car
wind (Martin et al. 2006a, Abraham & Falceta-Gonçalves 2007,
Mehner et al. 2011b, Teodoro et al. 2012). The supply of soft X-
rays can temporarily rise to very high levels if the fast secondary-
wind shock becomes unstable like the primary-wind side. In
that case the entire wind-wind interface can disintegrate and
collapse, and a chaotic ensemble of sub-shocks and oblique
shocks may exist for a few days or weeks. This phenomenon
may explain the brevity of the He IIλ4686 flash, its spheri-
cal symmetry (i.e., the He II emission shows similar evolution
in line strength and velocity when viewed from different direc-
tions), and its anti-correlation with the disappearance of2–10
keV X-rays (Mehner et al. 2011b, Teodoro et al. 2012). The rele-
vant physics were summarized in Mehner et al. (2011b); see also
Pittard & Corcoran (2002), Soker (2003).

Alternative explanations in which the He IIλ4686 arises
in the regular wind of the companion can be found in
Steiner & Damineli (2004) and Soker & Behar (2006). Recently,
Madura et al. (2013) presented results from SPH simulations, in
which a complete WWC collapse is not required for the extra
generation of soft X-rays at periastron passages. They proposed
that the He II emission is an effect of geometry. Soft X-rays from
the WWC region can ionize the He+ zone ofηCar’s wind at 0.7–
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Fig. 6. STIS spectral tracings of the central star showing the He I
λ4714 emission and absorption in our direct line of sight from
1998–2014. Phase in the 5.5 yr cycle are indicated next to each
tracing, see Section 2. He I displays a modulation with the or-
bital cycle regarding the velocities and emission and absorption
strengths. For example, during each event the absorption compo-
nent vanishes. A long-term trend is also evident: the He I absorp-
tion strength increased relative to the continuum since 1998. The
Figure also shows the decrease of the Fe IIλ4631 emission and
the appearance and disappearance of the He IIλ4686 emission.

3 au when the WWC apex penetrates into it for orbital phases be-
tween 0.986 and 1.014. In this phase range the post-shock com-
panion wind is in the radiative-cooling regime and is producing
additional He+ ionizing photons. However, they stated that the
sharp drop in He II equivalent width at phase≈1.0 may be due
to a physical collapse of the WWC zone. They further suggested
that the second, smaller emission peak could be due to a com-
bination of instability in the WWC zone and increased optical
depth in our line of sight caused byη Car’s wind. In fact, in
order to explain the observed He II behavior at FOS4, this sce-
nario very likely requires a collapse of the WWC. Detailed 3D
modeling is required to determine if this is the case.

The greatest source of uncertainty in measuring the He II
emission strength is the determination of the underlying con-
tinuum level, see figure 3 in Martin et al. (2006a), figure 2 in
Mehner et al. (2011b), figure 2 in Teodoro et al. (2012), and
Davidson et al. (2014b). We followed Martin et al. (2006a) and
estimated the line strength by interpolating the continuumbe-
tween 4601–4611Å and 4739–4742 Å. (The continuum ranges
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were slightly altered with respect to Martin et al. to take into
account the strengthening of N II lines nearλ4600 Å.) We then
integrated the emission between 4673.5Å and 4693.5 Å (−790 to
+490 km s−1). The resulting equivalent width is similar to EW2
in Davidson et al. (2014b). Figure 7 shows the development of
the equivalent width and peak velocity for He IIλ4686 during
the 2014 events compared to previous cycles in 1998, 2003, and
2009, both for our direct line of sight and in the reflected spectra
at FOS4. The values are listed in Tables 2 and 3. Note that mea-
surements of the equivalent widths in CHIRON data are higher
than for STIS and UVES data. This arises, because the effective
aperture of the CHIRON spectra is almost 3′′ and the spectra in-
clude faint emission lines originating from the ejecta around the
central source (Mehner 2011).

Davidson et al. (2014b) reported on the He IIλ4686 emis-
sion observed with STIS during the 2014 event. They con-
cluded thatη Car’s successive events differ in a progressive way.
The He II minimum may have been a quasi-eclipse by gas near
the primary star, and the “secondλ4686 flash” may have been
stronger in 2014 because intervening densities were lower than
in 2009. In the discussion below, we include ground-based ob-
servations with UVES and CHIRON, which provide a higher
time sampling for some parts of the event. UVES data also pro-
vide information of He II from different stellar latitudes.

3.4.1. The He II maxima

If the He II emission is caused by a sensitive instability, then it is
normal to expect large variations in equivalent widths and radial
velocities between the observed periastron passages. Instead,
the first occurrence of theλ4686 emission appears to repro-
duce the 2009 event better than for example the Hα emission
(with respect to the equivalent widths, see Section 3.1). The
secondλ4686 emission flare, however, was notably stronger
than for previous events. Like during previous events, the time
of significant brightness of the He II emission extended over
∼3 months. The line profile varied with significant changes on
short timescales. It often resembled a single Gaussian, buton
occasions it separated into two or more components, indicating
a highly structured velocity- and time-variable WWC (Walter
2014).

The time scale of the first (att ≈ −25 d)λ4686 flare in 2014
resembled the 2003 and 2009 occurrences. The flux grew con-
currently with the decline of the 2–10 keV X-rays (see Figure
8 and Section 3.4.2). The timing was consistent with a period
of 2023 days. The maximum equivalent width may have been
slightly larger than observed for the 2003 and 2009 events indi-
rect view to the star. The apparent line flux, on the other hand,
increased by a factor of∼7 compared to 2003. Of course this
is partly due to the gradually decreasing extinction (whichdoes
not affect the He IIλ4686 equivalent widths, because the line
emitting region is similar in size to the continuum emittingre-
gion). The velocities of the He II emission are in good agreement
with previous events. The line reached a maximum speed of
−430 km s−1 on 2014 Jul 29. Only two days later a much smaller
speed around−100 km s−1 is observed. The overall velocity
range exceeds the maximum projected orbital velocity variation
of any proposed 5.5 year orbit. Thus the velocities correspond
likely to line-of-sight wind velocities and post-shock velocities,
which can span a range of more than 400 km s−1 at various lo-
cations near periastron.

The evolution of the He IIλ4686 emission and velocity is
very similar when viewed from different directions, i.e., in direct

view of the star and reflected at FOS4, when the time delay is
taken into account. Values for the equivalent widths and radial
velocities are slightly smaller at FOS4 (Figure 7). At FOS4,the
equivalent width followed closely the values of 2009, but was
somewhat larger than in 2003. The same may be true for the
values in our direct line of sight, but the sampling and the quality
of the GMOS data are not good enough for a firm statement.

We confirm the time delay of 18 days at FOS4 for the
He II emission (Mehner et al. 2011b). This supports the expected
∆t ≈ 20 days. The geometry of the reflection process ofη Car’s
stellar wind by the Homunculus nebula thus appears adequate.
Given the consistent time delay at FOS4, a good explanation is
that the observed Doppler variations represent “global” changes
in outward wind and post-shock velocities that are not given
a strong directionality by the secondary star as some authors
have proposed (Soker & Behar 2006, Nielsen et al. 2007). A
shock breakup model may conceivably act in a quasi-spherical
way, with chaotic random velocity components during the crit-
ical time (Mehner et al. 2011b). The predominance of negative
Doppler velocities may indicate that the far side of the configu-
ration is obscured by continuum Thomson scattering in the pri-
mary wind.

Perhaps the simplest conjecture is that He II emission oc-
curred in an outflow triggered by tidal forces, appearing more
or less similar when viewed from most directions. Such an out-
flow can produce large varying Doppler blueshifts unrelatedto
the orbital velocity. (Redshifted material is not seen because it
represents the obscured far side of the outflow.) In this view,
the emission may have occurred continuously during the inter-
val when there were no hard X-rays, briefly disappearing when
surrounding column densities were temporarily large enough to
hide it. This scenario is incomplete and obviously questionable,
but it constitutes a useful initial hypothesis.

In Mehner et al. (2011b) we argued that, unlike the first He II
emission peak, the timing of the second He II peak (att ≈ 20 d
in 2009 and 2014) may have differed in 2009 compared to previ-
ous events (compare the timings indicated with “2.” and “2.∗”
in Figure 7). We found that the 2003 event did not include
a second He II episode matching the one in 2009, but that in
2003 there was either no second episode or it was delayed.
Contrary to Mehner et al. (2011b) and to Steiner & Damineli
(2004), Teodoro et al. (2012) stated that the second He II emis-
sion peak occurred always at the same phase during all previ-
ous periastron passages. This discrepancy and its implications
resulted in a great interest in the timing of the second He II peak
in 2014.

STIS observations on 2014 August 15 and CHIRON obser-
vations on 2014 August 13–18 suggested that the He IIλ4686
emission reappeared stronger, but likely at the same phase com-
pared to 2009 (Figure 7). In 2014 August 31, a tremendously
bright He IIλ4686 emission was observed in STIS spectra. The
line’s equivalent width was about twice as strong as the sec-
ond peak in 2009 (Davidson et al. 2014a). It is unlikely that we
missed a second He II emission peak of similar strength in 2009
based on incomplete time coverage. Various observers covered
the 2009 event quite well (Mehner et al. 2011b, Teodoro et al.
2012). The He II strength rose and fell continuously, and there
were no gaps long enough for a major spike. All three STIS
data points during the second He II emission peak in 2014 lie
well above the interpolated Gemini and UVES measurements
obtained in 2009 (Figure 7). We discuss the significance of this
second He II episode in Section 3.4.2 below.
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3.4.2. The connection to the 2–10 keV X-rays

Davidson (2002) remarked that shock instabilities, ratherthan
an eclipse scenario, can best explain the rapid disappearance
of η Car’s 2–10 keV X-rays during periastron passages. Soker
(2003) noted quantitative details and Soker & Behar (2006) sug-
gested an instability involving accretion onto the companion and
the shutdown of its wind. Other researchers adopted these ideas
(Damineli et al. 2008, Parkin et al. 2009, Mehner et al. 2011b,
Teodoro et al. 2012). Hamaguchi et al. (2014a) suggested that
the X-ray minimum observed during the 2003 event is the result
of an eclipse of the WWC plasma during a deep minimum fol-
lowed by a collapse of the WWC activity seen during a shallow
minimum. In 2009, the shallow minimum was not clearly seen
and Hamaguchi et al. (2014b) showed that the 15–25 keV X-ray
emission observed during the 2009 event can be reproduced by
WWC activity seen through the thick primary wind.

In this framework, two different causes but with similar
large-scale consequences, have been proposed to explain the
long X-ray minimum observed in previous events; shock in-
stability and radiative inhibition. 1) A shock structure becomes
unstable if radiative cooling exceeds expansion cooling due to

thin shell instabilities (Stevens et al. 1992). The slow primary’s
wind shock ofη Car is very unstable in this regard and the sec-
ondary’s wind shock may become unstable near periastron, caus-
ing the entire shock structure to disintegrate on a timescale of
10–30 days (Martin et al. 2006a). 2) Near periastron, soft X-rays
from the shocked region and the radiation from the primary star
can alter the ionization state of the companion’s wind. A higher
degree of ionization weakens the line-driven acceleration, result-
ing in a slower wind speed (“radiative inhibition,” Parkin et al.
2009; 2011). The consequence is that the balance of wind mo-
menta is altered, pushing the shocks closer to the companion.
In an extreme case the primary wind can entirely suppress the
secondary wind (Soker & Behar 2006).

The anticorrelation of the He II emission and the X-rays (i.e.,
the He II emission peaks at the times when the X-rays disap-
pear and reappear) is consistent with a shock breakup model,
and the second He IIλ4686 flash in 2009 strengthened the case
(Mehner et al. 2011b). The He IIλ4686 feature appeared ap-
proximately when the hard X-rays peaked, it grew as they de-
clined, and then ceased abruptly after a few weeks. The second
He II flare was qualitatively a reversal of the first episode. It oc-
curred just as the X-rays reappeared and then declined concur-
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1998–2014 events (Corcoran et al. 2014a)3. Bottom: The He II
equivalent widths for the same time span. The vertical linesare
to aid the comparison of the decline and rise of the X-rays with
the He II maxima. Unfortunately, we have no data at the expected
later phase of the second He II flare for events prior to 2009.

rently with the growth of the X-rays. In the shock-instability sce-
nario, we interpreted the second He II peak as the re-formation of
a large-scale shock structure when the relevant densities become
sufficiently low for it to be quasi-stable.

In 2014, the timing of the 2–10 keV X-ray light curve with
its peak, minimum, and reappearance (Corcoran et al. 2014a;b)
and its relation to the He II emission was similar to the 2009
event. That is, also for the 2014 event, the second He II flare oc-
curred when the X-rays reappeared.4 The similar timing of the
X-ray and He II emission during the 2014 and 2009 events does
not contradict that there is a change in the system. The motion
of the secondary star at periastron is very fast and, if gas den-
sities are somewhat different, this would alter the critical times
of observables by only a few days. The X-ray minima in 2009
and 2014, however, were much shorter than the ones observed
in 1998 and 2003. This cannot be explained with an unchanged
system and a simple wind occultation scenario. Unfortunately,

3 The X-ray light curve for previous cycles was retrieved at
http://asd.gsfc.nasa.gov/Michael.Corcoran/eta car/etacarrxte lightcurve
/index.html.

4 Unfortunately, only the first part of the X-ray egress out of the
2014 minimum, but not the full recovery has been published atthe time
of submission.

we have no data points during the expected (delayed) time of the
second flare for the events in 1998 and 2003 to prove the corre-
lation between the second He II flare and the reappearance of the
X-rays.

The second He IIλ4686 flash in 2014 was much stronger
than in 2009 (Figures 7 and 8). This together with the short
X-ray minimum (without a shallow phase, see Hamaguchi et al.
2014a;b) may indicate that a complete shock breakup – needed
to explain the weak second He II flare and the long X-ray
minimum in previous events (see Kashi & Soker 2009 and
Soker & Behar 2006) – may not have occurred in 2014. Instead,
the 2014 event resembled more an occultation by the primary
wind. The He II emission may have disappeared temporarily
when the column densities in our line of sight to the emitting
region as the secondary passed behind the primary’s wind were
large enough.

4. Discussion

Several observables indicate that physical parameters of the stel-
lar system have changed: 1) The continuous weakening of the
Hα and Fe II lines from the primary wind. 2) The tremendous
increase in flux of the He I and N II emission lines over the last
3 cycles, and especially during the 2014 event. 3) The much
stronger line flux of the He II emission in 2014 compared to 2009
and its stronger reappearance after the X-ray minimum in 2014.

The simplest interpretation for the decrease of the broad pri-
mary wind emission features is a decrease in mass-loss rate.
The simultaneous increase in the higher ionization/excitation
species, He I and N II, indicates that the companion’s effective
far-UV radiation is much more efficient than it was in previous
cycles – consistent with lower gas densities. As the wind density
decreases it is conceivable that the primary star may eventually
become “hot” enough to excite these lines in addition to the sec-
ondary.

The SPH simulations by Madura et al. (2013) showed that
a factor of two or more decrease in mass loss alters signifi-
cantly the time-dependent 3D density, temperature, and velocity
structure ofη Car’s spatially-extended primary wind and WWC
zones. They showed that a lower mass-loss rate would lead to
weaker emission and absorption of the broad wind-emission fea-
tures of Hα and Fe II in our line of sight and at the stellar poles.
Emission lines of He I would strengthen. Based on their simula-
tions, a drop in mass loss by a factor of. 2 seems to reasonably
fit our observations, but further modelling is required.

The spectrum at FOS4 shows less significant changes in the
broad wind emission lines than the spectrum in our direct line
of sight. The Hα equivalent widths display a very similar be-
havior during the 2003, 2009, and 2014 events. The Hα P Cyg
absorption strength decreased somewhat. The broad Fe II emis-
sion features decreased in strengths – albeit less than in our di-
rect line of sight. On the other hand, the He II equivalent widths
are higher in 2009 and 2014 than in 2003 in accordance with the
observations in our direct line of sight.

Owocki (2005) suggested that the rapid (near-critical) stel-
lar rotation ofη Car induces an equatorial gravity darkening
(Owocki et al. 1996). It may be that the companion star spins up
η Car incrementally by angular momentum transfer between the
two stars at periastron through tidal torques (Davidson 1997).
Its rotational velocity is approaching its critical velocity, lead-
ing to lower effective gravity at the equator, and thus reducing
the mass-loss rate there. Less changes in the broad wind emis-
sion lines observed in the polar spectrum at FOS4 are thus not
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surprising. In any case, the observed changes in Fe II and he-
lium emission at FOS4 are sufficient to confirm a secular trend
in η Car’s wind – independent of the direct-view data. The quan-
titative rates require models far beyond the scope of this paper.

The polar view (FOS4) is valuable for the specific purposes
noted earlier, but it is not atypical view. If, for example, it ap-
plies within 30◦ of each pole, then that would include only 13%
of possible viewing directions. Eta Car’s secular changes appear
larger for lower latitudes, i.e., most directions in space.We men-
tion this in order to emphasize that the direction-averagedmass-
loss rate has always been unclear.

Some details occur at nearly the same phase in each event,
for instance the rapid decline of He IIλ4686 neart ≈ −17 d.
Rapid orbital motion can largely explain this fact almost inde-
pendent of the flow parameters. Consider, for example, an or-
bit with eccentricityǫ = 0.85. During a 40-day interval around
periastron, the system sweeps through almost 4◦ of longitude
per day. Tidal effects change by about 6 percent per day, the
colliding-wind instability parameters likewise vary rapidly, and
the same is true for possible eclipse parameters (see figure 10
in Mehner et al. 2011b). Thus an ambient density decrease of 30
percent between events would be compensated by orbital motion
within a few days. Moreover, the primary mass outflow during
t ≈ −45 d to−10 d is very likely enhanced by tidal and radia-
tive effects which are unrelated to the current average mass-loss
rate (Martin et al. 2006a, Mehner et al. 2011b). For these rea-
sons, the timing of events does not contradict the secular trend
in wind density. If we avoid definitions that are adjustedex post
facto to optimize the correlations, then, objectively, the data al-
low variations of 3–10 days between events. A more eccentric
orbit with ǫ ≈ 0.90, favored by most authors in recent years,
entails even faster rates of change.

In previous events, the combined He IIλ4686 and X-ray
data, i.e., the extended X-ray minima and the association ofthe
He II flares with the appearance and disappearance of the X-rays,
were persuasively consistent with a shock breakup scenarioand
mass accretion onto the secondary. The stronger second He II
flare in 2014 indicates less mass accretion onto the secondary.
Conceivably, the shock structure may even have not been com-
pletely destroyed in 2014 and the X-ray and He II behavior may
be explained by an eclipse of the secondary by the dense primary
wind.

5. Conclusion

It is conceivable that 2009.1 was thelast η Car event of the clas-
sic type, and 2014.6 began a new regime. An approximate his-
torical time line may look something like this:

1. 1900–1948,η Car’s primary wind was so dense that it
totally suppressed the secondary wind. Therefore a small
fraction of the outflowing gas accreted onto the secondary
star, making it look like a cooler star. No helium-ionizing
far-UV photons escaped from the secondary star and thus
no high-excitation lines were observed (Humphreys et al.
2008). Clementel et al. (2015) showed that for mass-loss
rates of more than a factor of 2–4 than today, accretion may
not have been needed to explain the absence of He I lines.

2. During the 1940’s, the mass-loss rate decreased enough so
that the secondary star could develop a normal hot-star wind
(Humphreys et al. 2008). Accretion stopped except near pe-
riastron and the familiar wind-wind shocks formed.

3. 1948–2009, the wind-wind shocks were disrupted near each
periastron passage. That allowed temporary accretion onto

the secondary star (Soker 2003; 2005, Soker & Behar 2006).
Less far-UV radiation during each event resulted in the high-
excitation lines to become temporarily weaker.

4. 2014, the primary wind density has fallen low enough so
that full accretion no longer occurs. Therefore, much more
UV emission than ever before can escape from the secondary
and penetrate the primary wind. This would help to explain
the strong He I and N II UV-excited lines. In addition, the
primary star may be have become hot enough to contribute
additional UV radiation.

This rough history of events leaves unaccounted some ob-
served features. For example, the high-excitation lines from the
Weigelt knots are associated with the secondary star and their
disappearance during the events are interpreted as a shut-down
of the UV radiation from the secondary. Still, they disappeared
in 2014. However, they are located near the bipolar midplane
(probably the same as the orbit plane), at longitudes roughly
opposite to the secondary’s periastron. Therefore, duringthe
events, the primary wind very likely shields them from the sec-
ondary star’s UV radiation. Spectra at FOS4 have not experi-
enced the same dramatic changes in the broad wind emission
lines as observations in our line of sight. This may be explained
by a latitude-dependent wind structure ofη Car.

With the ground- and space-based observations obtained dur-
ing the 2014 event we aimed to further investigate the long-term
changes inη Car and the impact of the periastron passages on its
long-term evolution. On top of the orbital modulations, thebroad
primary wind features have decreased in strength and the higher-
ionization He I and N II emission lines have grown in strength
over the past 10 years. This marks an undeniable change in the
physics of the region. A decreased mass-loss rate could explain
the weakened low-excitation wind features, the strengthening of
higher ionization/excitation lines, and the He II and X-ray behav-
ior. A decrease in the primary wind density would not only allow
the intense UV radiation from the stars to ionize/excite more ma-
terial, but also to more easily destroy dust and thus decrease the
extinction in our line of sight.
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Table 1.Journal of observations.

Instrument Position Date MJD Phase Wavelengtha Exposure Timeb

(days) (Å) (s)
STIS/CCD Star 2013-09-14 56549.2 2.835 6488–7051 2×0.2; 2×2; 2×15
STIS/CCD Star 2013-09-14 56549.2 2.835 5454–6018 2×4
STIS/CCD Star 2013-09-14 56549.2 2.835 3796–4077 2×27
STIS/CCD Star 2013-09-14 56549.2 2.835 4561–4841 2×30; 8
STIS/CCD Star 2013-09-14 56549.3 2.835 4820–5099 2×2.4; 2×20
STIS/CCD Star 2013-09-14 56549.3 2.835 2913–5702 4
STIS/CCD Star 2014-07-13 56851.2 2.984 6487–7051 0.2; 2
STIS/CCD Star 2014-07-13 56851.2 2.984 2912–5702 3
STIS/CCD Star 2014-07-13 56851.2 2.984 4561–4841 25.5
STIS/CCD Star 2014-07-13 56851.2 2.984 3796–4077 24
STIS/CCD Star 2014-07-30 56868.1 2.993 6487–7051 0.2; 2
STIS/CCD Star 2014-07-30 56868.1 2.993 2913–5702 3
STIS/CCD Star 2014-07-30 56868.1 2.993 4561–4841 25.5
STIS/CCD Star 2014-07-30 56868.1 2.993 3796–4077 24
STIS/CCD Star 2014-08-15 56868.1 3.001 6487–7051 0.2; 2
STIS/CCD Star 2014-08-15 56868.1 3.001 2913–5702 3
STIS/CCD Star 2014-08-15 56868.1 3.001 4561–4841 25.5
STIS/CCD Star 2014-08-15 56868.1 3.001 3796–4077 24
STIS/CCD Star 2014-08-31 56900.4 3.009 6487–7051 0.2; 2
STIS/CCD Star 2014-08-31 56900.4 3.009 2913–5702 3
STIS/CCD Star 2014-08-31 56900.4 3.009 4561–4841 25.5
STIS/CCD Star 2014-08-31 56900.4 3.009 3796–4077 24
STIS/CCD Star 2014-09-17 56917.0 3.017 6487–7051 0.2; 2
STIS/CCD Star 2014-09-17 56917.0 3.017 2913–5702 3
STIS/CCD Star 2014-09-17 56917.1 3.017 4561–4841 25.5
STIS/CCD Star 2014-09-17 56917.1 3.017 3796–4077 24
STIS/CCD Star 2014-11-09 56970.9 3.043 6487–7051 0.2; 2
STIS/CCD Star 2014-11-09 56970.9 3.043 2913–5702 3
STIS/CCD Star 2014-11-09 56970.9 3.043 4561–4841 25.5
STIS/CCD Star 2014-11-09 56970.9 3.043 3796–4077 24
UVES Star 2012-04-03 56020.1 2.586 DIC1 250, 150, 100, 50 (blue); 4×20, 4×5, 3×1, 0.7 (red)
UVES Star 2012-04-03 56020.1 2.586 DIC2 2×20, 2×10, 2×5 (blue); 50, 20, 10 (red)
UVES FOS4 2012-04-04 56021.1 2.587 DIC1 600, 300, 100, 10 (blue); 2×200, 3×60, 2×20, 10 (red)
UVES FOS4 2012-04-04 56021.1 2.587 DIC2 500, 300, 90 (blue);500, 300, 90 (red)
UVES Star 2013-11-24 56620.3 2.884 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2013-11-24 56620.3 2.884 DIC2 250 (blue); 200 (red)
UVES Star 2013-11-25 56621.3 2.885 DIC1 100, 50 (blue); 2×15, 2×0.6 (red)
UVES FOS4 2013-11-25 56621.3 2.885 DIC1 600, 100 (blue); 2×200, 2×50 (red)
UVES Star 2013-12-24 56650.3 2.899 DIC1 100, 2×50 , 10 (blue); 2×15, 2×5, 4×0.5 (red)
UVES Star 2013-12-24 56650.3 2.899 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2013-12-24 56650.3 2.899 DIC1 600, 100 (blue); 2×200, 2×50 (red)
UVES FOS4 2013-12-24 56650.3 2.899 DIC2 250 (blue); 200 (red)
UVES Star 2014-01-27 56684.2 2.916 DIC1 100, 50 (blue); 2×15, 2×0.5 (red)
UVES Star 2014-01-27 56684.2 2.916 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2014-01-27 56684.2 2.916 DIC1 600, 100 (blue); 2×200, 2×50 (red)
UVES FOS4 2014-01-27 56684.2 2.916 DIC2 250 (blue); 200 (red)
UVES Star 2014-02-24 56712.2 2.930 DIC1 100, 50 (blue); 2×15, 0.5 (red)
UVES Star 2014-02-24 56712.2 2.930 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2014-02-24 56712.2 2.930 DIC1 600, 100 (blue); 2×200, 2×50 (red)
UVES FOS4 2014-02-24 56712.2 2.930 DIC2 250 (blue); 200 (red)
UVES Star 2014-03-21 56737.1 2.942 DIC1 100, 50 (blue); 2×15, 2×0.5 (red)
UVES Star 2014-03-21 56737.1 2.942 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2014-03-21 56737.2 2.942 DIC1 600, 100 (blue); 2×200, 2×50 (red)
UVES FOS4 2014-03-21 56737.2 2.942 DIC2 250 (blue); 200 (red)
UVES Star 2014-04-16 56763.0 2.955 DIC1 100, 50 (blue); 2×15, 2×0.5 (red)
UVES Star 2014-04-16 56763.0 2.955 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2014-04-16 56763.1 2.955 DIC1 400 (blue); 2×170 (red)
UVES FOS4 2014-04-16 56763.1 2.955 DIC2 200 (blue); 200 (red)
UVES Star 2014-05-26 56803.0 2.975 DIC1 3×100, 3×50 (blue); 5×15, 6×0.5 (red)
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Table 1.continued.

Instrument Location Date MJD Phase Wavelengtha Exposure Timeb

(days) (Å) (s)
UVES Star 2014-05-26 56803.0 2.975 DIC2 3×20, 3×10 (blue); 3×10, 3×5 (red)
UVES FOS4 2014-05-26 56803.0 2.975 DIC1 2×400 (blue); 4×170 (red)
UVES Star 2014-05-27 56804.0 2.976 DIC1 100, 50 (blue); 2×15, 2×0.5 (red)
UVES Star 2014-05-27 56804.0 2.976 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2014-05-27 56804.0 2.976 DIC1 400 (blue); 2×170 (red)
UVES FOS4 2014-05-27 56804.0 2.976 DIC2 200 (blue); 200 (red)
UVES Star 2014-06-18 56826.0 2.987 DIC1 100, 50 (blue); 2×15, 2×0.5, 2×0.2 (red)
UVES Star 2014-06-18 56826.0 2.987 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2014-06-18 56826.0 2.987 DIC1 400 (blue); 2×170, 2×30 (red)
UVES FOS4 2014-06-18 56826.1 2.987 DIC2 200 (blue); 200 (red)
UVES Star 2014-07-02 56840.0 2.994 DIC1 100, 50 (blue); 2×15, 2×0.5 (red)
UVES Star 2014-07-02 56840.0 2.994 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2014-07-02 56840.0 2.994 DIC1 400 (blue); 2×170 (red)
UVES FOS4 2014-07-02 56840.0 2.994 DIC2 200 (blue); 200 (red)
UVES Star 2014-07-23 56861.0 2.989 DIC1 100, 50 (blue); 2×15 , 2×1 (red)
UVES Star 2014-07-23 56861.0 2.989 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2014-07-23 56861.0 2.989 DIC1 400 (blue); 2×170, 2×10 (red)
UVES FOS4 2014-07-27 56865.0 2.991 DIC1 2×400, 200 (blue); 4×170, 2×85 (red)
UVES FOS4 2014-07-27 56865.0 2.991 DIC2 2×200 (blue); 200, 80 (red)
UVES Star 2014-07-30 56868.0 2.993 DIC1 100, 50 (blue); 2×15, 2×1 (red)
UVES Star 2014-07-30 56868.0 2.993 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2014-07-30 56868.0 2.993 DIC1 400 (blue); 2×170 (red)
UVES FOS4 2014-07-30 56868.0 2.993 DIC2 200 (blue); 200 (red)
UVES Star 2014-10-12 56942.4 3.029 DIC1 100, 50 (blue); 2×15, 2×1 (red)
UVES Star 2014-10-12 56942.4 3.029 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2014-10-12 56942.4 3.029 DIC1 400 (blue); 2×170 (red)
UVES FOS4 2014-10-12 56942.4 3.029 DIC2 200 (blue); 200 (red)
UVES Star 2014-10-24 56954.4 3.035 DIC1 100, 50 (blue); 2×15, 2×1 (red)
UVES Star 2014-10-24 56954.4 3.035 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2014-10-24 56954.4 3.035 DIC1 400 (blue); 2×170 (red)
UVES FOS4 2014-10-24 56954.4 3.035 DIC2 200 (blue); 200 (red)
UVES Star 2014-11-16 56977.3 3.047 DIC1 100, 50 (blue); 2×15, 2×1 (red)
UVES Star 2014-11-16 56977.3 3.047 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2014-11-16 56977.3 3.047 DIC1 400 (blue); 2×170 (red)
UVES FOS4 2014-11-16 56977.3 3.047 DIC2 200 (blue); 200 (red)
UVES FOS4 2014-12-08 56999.3 3.058 DIC1 400 (blue); 2×170 (red)
UVES FOS4 2014-12-08 56999.3 3.058 DIC2 200 (blue); 200 (red)
UVES Star 2014-12-21 57012.3 3.064 DIC1 100, 50 (blue); 2×15, 2×1 (red)
UVES Star 2014-12-21 57012.3 3.064 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2014-12-21 57012.3 3.064 DIC1 400 (blue); 2×170 (red)
UVES FOS4 2014-12-21 57012.3 3.064 DIC2 200 (blue); 200 (red)
UVES Star 2015-01-05 57027.3 3.071 DIC1 100, 50 (blue); 2×15, 2×1 (red)
UVES Star 2015-01-05 57027.3 3.071 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2015-01-05 57027.3 3.071 DIC1 400 (blue); 2×170 (red)
UVES FOS4 2015-01-05 57027.3 3.071 DIC2 200 (blue); 200 (red)
UVES FOS4 2015-01-21 57043.4 3.079 DIC2 200 (blue); 200 (red)
UVES Star 2015-01-25 57047.3 3.081 DIC1 100, 50 (blue); 2×15, 2×1 (red)
UVES Star 2015-01-25 57047.3 3.081 DIC2 20, 10 (blue); 10, 5 (red)
UVES FOS4 2015-01-25 57047.3 3.081 DIC1 400 (blue); 2×170 (red)
UVES FOS4 2015-01-25 57047.3 3.081 DIC2 200 (blue); 200 (red)
(a) DIC1: λ3044–3916,λ4726–5803,λ5762–6835; DIC2:λ3732–4999,λ6649–8544,λ8523–10426.
(b) STIS/CCD slit: 52′′×0.′′1. UVES slit widths: 0.′′4 (blue arm) and 0.′′3 (red arm).
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Table 2.He II equivalent width and velocity in direct view of the star. Velocity is the peak velocity.

Position Instrument Date MJD Phase−EW ∆EW Vela ∆Vel
(days) (Å) (Å) (km s−1) (km s−1)

Star STIS/CCD 1998-03-19 50891.4 0.038 0.160 0.050
Star STIS/CCD 1999-02-21 51230.5 0.206 -0.080 0.060
Star STIS/CCD 2000-03-20 51623.8 0.400 -0.120 0.070
Star STIS/CCD 2001-04-17 52016.8 0.595 -0.030 0.060
Star STIS/CCD 2002-01-20 52294.0 0.732 0.010 0.050
Star STIS/CCD 2002-07-04 52459.5 0.813 0.140 0.040
Star STIS/CCD 2003-02-13 52683.1 0.924 0.440 0.040
Star STIS/CCD 2003-03-29 52727.3 0.946 0.560 0.040
Star STIS/CCD 2003-05-05 52764.3 0.964 1.010 0.040
Star STIS/CCD 2003-05-19 52778.5 0.971 1.110 0.080 -208 26
Star STIS/CCD 2003-06-01 52791.7 0.978 1.630 0.080 -140 3
Star STIS/CCD 2003-06-23 52813.8 0.989 2.590 0.060 -455 1
Star STIS/CCD 2003-07-05 52825.4 0.994 0.160 0.060
Star STIS/CCD 2003-08-01 52852.4 1.008 0.150 0.080
Star STIS/CCD 2003-09-22 52904.3 1.033 0.150 0.010
Star STIS/CCD 2003-11-17 52960.6 1.061 0.150 0.040
Star STIS/CCD 2004-03-07 53071.2 1.116 0.170 0.040
Star STIS/CCD 2009-06-30 55012.1 2.075 0.236 0.110
Star STIS/CCD 2009-08-19 55062.0 2.100 0.166 0.057
Star STIS/CCD 2009-12-06 55171.6 2.154 0.134 0.020
Star STIS/CCD 2010-03-03 55258.6 2.197 0.121 0.058
Star STIS/CCD 2010-08-20 55428.3 2.281 0.035 0.117
Star STIS/CCD 2010-10-26 55495.1 2.314 -0.018 0.063
Star STIS/CCD 2011-11-20 55885.6 2.507 0.129 0.011
Star STIS/CCD 2012-10-18 56218.5 2.672 0.099 0.027
Star STIS/CCD 2013-09-14 56549.2 2.835 0.276 0.061
Star STIS/CCD 2014-07-13 56851.2 2.984 3.032 0.308 -157 2
Star STIS/CCD 2014-07-30 56868.1 2.993 0.366 0.188
Star STIS/CCD 2014-08-15 56884.3 3.001 0.838 0.124 -132 4
Star STIS/CCD 2014-08-31 56900.4 3.009 2.152 0.030 -49 7
Star STIS/CCD 2014-09-17 56917.1 3.017 1.073 0.022 -97 2
Star STIS/CCD 2014-11-09 56970.9 3.043 0.151 0.022
Star UVES 2002-12-07 52615.3 0.890 -0.500 0.217
Star UVES 2002-12-12 52620.3 0.893 -0.775 0.202
Star UVES 2003-02-14 52684.1 0.924 -0.376 0.168
Star UVES 2003-05-29 52788.1 0.976 1.022 0.067 -97 2
Star UVES 2003-06-03 52794.0 0.979 0.806 0.136 -242 43
Star UVES 2003-07-05 52825.0 0.994 -0.426 0.263
Star UVES 2004-02-20 53055.1 1.108 1.283 0.054
Star UVES 2005-02-12 53413.4 1.285 -0.790 0.243
Star UVES 2005-03-19 53448.1 1.302 -0.911 0.308
Star UVES 2006-04-09 53834.1 1.493 -0.377 0.348
Star UVES 2006-06-08 53894.0 1.523 -0.940 0.198
Star UVES 2008-01-10 54475.3 1.810 -0.342 0.213
Star UVES 2008-02-17 54513.3 1.829 -0.358 0.190
Star UVES 2008-03-10 54535.3 1.839 -0.257 0.149
Star UVES 2008-03-29 54554.3 1.849 -0.419 0.152
Star UVES 2008-04-11 54567.0 1.855 -0.138 0.155
Star UVES 2008-04-27 54583.0 1.863 -0.457 0.168
Star UVES 2008-05-12 54599.0 1.871 -0.531 0.042
Star UVES 2008-05-28 54615.0 1.879 -0.697 0.198
Star UVES 2008-05-30 54616.0 1.879 -0.583 0.177
Star UVES 2008-05-31 54617.1 1.880 -0.220 0.198
Star UVES 2008-06-11 54629.0 1.886 -0.344 0.239
Star UVES 2008-06-12 54629.0 1.886 -0.329 0.204
Star UVES 2008-07-09 54656.0 1.899 -0.104 0.171 4 7
Star UVES 2009-01-10 54841.4 1.991 1.306 0.308 -430 30
Star UVES 2009-02-05 54867.3 2.004 0.230 0.030 77 8
Star UVES 2009-04-02 54923.2 2.031 -0.239 0.315
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Table 2.continued.

Location Instrument Date MJD Phase−EW ∆EW Vela ∆Vel
(days) (Å) (Å) (km s−1) (km s−1)

Star UVES 2009-04-25 54946.1 2.043 -0.137 0.091
Star UVES 2009-05-19 54970.0 2.054 0.0168 0.207
Star UVES 2009-06-17 54999.1 2.069 -0.274 0.232
Star UVES 2009-06-30 55013.0 2.076 -0.270 0.093
Star UVES 2009-07-01 55014.0 2.076 -0.473 0.200
Star UVES 2009-07-02 55015.0 2.077 -0.075 0.091
Star UVES 2009-07-05 55018.0 2.078 -0.524 0.262
Star UVES 2009-07-06 55018.0 2.078 -0.376 0.141
Star UVES 2012-04-03 56020.1 2.573 -0.322 0.181
Star UVES 2013-11-24 56620.3 2.870 -0.005 0.134
Star UVES 2013-12-24 56650.3 2.885 -0.117 0.548
Star UVES 2014-01-27 56684.2 2.902 0.129 0.184 39 4
Star UVES 2014-02-24 56712.2 2.916 0.036 0.243 18 20
Star UVES 2014-03-21 56737.1 2.928 0.107 0.171 -21 23
Star UVES 2014-04-16 56763.0 2.941 0.377 0.324 37 2
Star UVES 2014-05-26 556803.1 2.960 0.925 0.086 -67 56
Star UVES 2014-05-27 556804.0 2.961 0.855 0.194 -3 66
Star UVES 2014-06-18 56826.0 2.972 1.501 0.230 -63 3
Star UVES 2014-07-01 56840.0 2.979 2.547 0.242 -138 27
Star UVES 2014-07-23 56861.0 2.989 0.476 0.067 -341 7
Star UVES 2014-07-30 56868.0 2.993 0.147 0.189 -353 5
Star UVES 2014-10-12 56942.4 3.029 -0.245 0.153 10 4
Star UVES 2014-10-24 56954.4 3.035 -0.337 0.046 23 27
Star UVES 2014-11-16 56977.3 3.047 -0.020 0.245 20 3
Star UVES 2014-12-21 57012.3 3.064 0.006 0.128
Star UVES 2015-01-05 57027.4 3.071 -0.248 0.242
Star UVES 2015-01-25 57047.3 3.081 -0.164 0.241
Star CHIRON 2013-05-16 56428.1 2.775 0.503 0.061 422 18
Star CHIRON 2013-11-11 56607.3 2.864 0.735 0.026 32 1
Star CHIRON 2014-01-20 56677.4 2.898 0.896 0.025 80 1
Star CHIRON 2014-01-21 56678.3 2.899 0.594 0.033 59 14
Star CHIRON 2014-02-10 56698.3 2.909 0.852 0.003 74 3
Star CHIRON 2014-03-08 56724.1 2.921 1.184 0.042 -94 8
Star CHIRON 2014-04-03 56750.0 2.934 1.436 0.027 30 3
Star CHIRON 2014-04-27 56775.0 2.947 1.417 0.138 -128 2
Star CHIRON 2014-04-30 56777.0 2.948 1.266 0.124 -145 13
Star CHIRON 2014-05-09 56786.0 2.952 1.297 0.141 -64 18
Star CHIRON 2014-05-10 56787.0 2.953 1.447 0.141 -73 12
Star CHIRON 2014-05-17 56795.0 2.956 1.330 0.147 -179 3
Star CHIRON 2014-05-25 56802.0 2.960 1.726 0.144 -88 30
Star CHIRON 2014-05-29 56806.0 2.962 1.295 0.156 -82 35
Star CHIRON 2014-05-30 56807.1 2.962 1.317 0.134 -8 1
Star CHIRON 2014-06-01 56809.0 2.963 1.765 0.150 -91 24
Star CHIRON 2014-06-03 56811.0 2.964 1.622 0.159 -135 2
Star CHIRON 2014-06-11 56818.0 2.968 1.650 0.144 -209 33
Star CHIRON 2014-06-18 56825.0 2.971 2.340 0.215 -95 16
Star CHIRON 2014-06-21 56829.0 2.973 2.311 0.258 -26 15
Star CHIRON 2014-06-26 56833.0 2.975 1.971 0.234 -64 12
Star CHIRON 2014-06-29 56837.0 2.977 2.306 0.231 -203 25
Star CHIRON 2014-07-01 56839.0 2.978 2.577 0.254 -230 7
Star CHIRON 2014-07-02 56840.0 2.979 3.454 0.195 -161 30
Star CHIRON 2014-07-09 56847.0 2.982 2.422 0.174 -209 3
Star CHIRON 2014-07-18 56856.0 2.987 4.000 0.333 -303 20
Star CHIRON 2014-07-19 56857.0 2.987 4.282 0.335 -267 27
Star CHIRON 2014-07-20 56858.0 2.988 3.831 0.247 -321 12
Star CHIRON 2014-07-21 56859.0 2.988 3.538 0.257 -286 14
Star CHIRON 2014-07-25 56863.0 2.990 3.478 0.248 -366 15
Star CHIRON 2014-07-26 56864.0 2.991 3.260 0.267 -381 4
Star CHIRON 2014-07-28 56866.0 2.992 1.637 0.157 -390 20
Star CHIRON 2014-07-29 56867.0 2.992 1.795 0.136 -431 2
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Table 2.continued.

Location Instrument Date MJD Phase−EW ∆EW Vela ∆Vel
(days) (Å) (Å) (km s−1) (km s−1)

Star CHIRON 2014-08-01 56870.0 2.994 0.670 0.035 -124 12
Star CHIRON 2014-08-02 56871.0 2.994 0.851 0.025 -25 120
Star CHIRON 2014-08-14 56883.0 3.000 1.337 0.178 -74 66
Star CHIRON 2014-08-16 56885.0 3.001 1.259 0.155 -102 16
Star CHIRON 2014-08-17 56886.0 3.001 1.152 0.159 -115 2
Star CHIRON 2014-08-18 56887.0 3.002 0.903 0.124 -41 6
Star CHIRON 2014-10-21 56951.4 3.034 0.863 0.075 58 20
Star CHIRON 2014-10-22 56952.4 3.034 0.714 0.105 78 7
Star CHIRON 2014-10-23 56953.4 3.035 0.647 0.123 74 1
Star CHIRON 2014-10-24 56954.3 3.035 0.740 0.040 75 1
Star CHIRON 2014-10-25 56955.4 3.036 0.817 0.084 69 4
Star CHIRON 2014-10-26 56956.4 3.036 0.659 0.085 56 3
Star CHIRON 2014-10-27 56957.4 3.037 0.528 0.112 57 11
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Table 3.He II equivalent width and velocity at FOS4. Velocity is the peak velocity and is corrected for the moving-mirror effect.

Position Instrument Date MJD Phase−EW σEW Vel σVel
(days) (Å) (Å) (km s−1) (km s−1)

FOS4 UVES 2002-12-26 52634.4 0.900 -0.107 0.139
FOS4 UVES 2002-12-31 52639.3 0.902 0.066 0.116
FOS4 UVES 2003-01-03 52642.3 0.904 -0.053 0.115
FOS4 UVES 2003-01-23 52662.4 0.914 0.008 0.060
FOS4 UVES 2003-02-04 52674.4 0.920 0.005 0.090
FOS4 UVES 2003-02-14 52684.1 0.924 0.151 0.100
FOS4 UVES 2003-02-25 52695.3 0.930 0.146 0.099
FOS4 UVES 2003-03-12 52710.0 0.937 0.387 0.103
FOS4 UVES 2003-04-30 52759.1 0.962 0.231 0.143 48 17
FOS4 UVES 2003-05-05 52765.0 0.964 0.348 0.098 -85 9
FOS4 UVES 2003-05-12 52771.2 0.967 0.378 0.115 -126 1
FOS4 UVES 2003-05-29 52788.0 0.976 0.515 0.162 -55 24
FOS4 UVES 2003-06-03 52794.0 0.979 0.627 0.173 -58 2
FOS4 UVES 2003-06-08 52798.0 0.981 0.720 0.158 -50 9
FOS4 UVES 2003-06-13 52803.0 0.983 0.820 0.131 -74 6
FOS4 UVES 2003-06-17 52808.0 0.986 0.958 0.207 -183 68
FOS4 UVES 2003-06-22 52813.0 0.988 0.971 0.178 -100 16
FOS4 UVES 2003-06-30 52821.0 0.992 1.068 0.318 -107 17
FOS4 UVES 2003-07-05 52825.5 0.994 0.736 0.568 -232 29
FOS4 UVES 2003-07-09 52830.0 0.997 1.278 0.423 -370 8
FOS4 UVES 2003-07-21 52841.0 1.002 0.363 0.564
FOS4 UVES 2003-07-26 52847.0 1.005 0.493 0.188
FOS4 UVES 2003-07-27 52848.0 1.005 0.770 1.371
FOS4 UVES 2003-08-01 52852.0 1.007 0.463 0.955
FOS4 UVES 2003-11-25 52968.3 1.065 0.423 0.519
FOS4 UVES 2003-12-17 52990.3 1.076 0.417 0.491 -53 28
FOS4 UVES 2004-01-02 53006.3 1.084 0.334 0.421
FOS4 UVES 2004-01-25 53029.3 1.095 0.249 0.326
FOS4 UVES 2004-02-20 53055.2 1.108 0.255 0.339
FOS4 UVES 2004-03-11 53075.1 1.118 0.240 0.255
FOS4 UVES 2004-12-10 53349.3 1.253 0.108 0.197
FOS4 UVES 2005-01-19 53389.2 1.273 0.154 0.277
FOS4 UVES 2005-03-02 53431.3 1.294 -0.089 0.252
FOS4 UVES 2006-05-11 53866.0 1.509 -0.107 0.388
FOS4 UVES 2006-06-26 53912.1 1.531 -0.174 0.395
FOS4 UVES 2008-02-17 54513.3 1.829 0.096 0.037
FOS4 UVES 2008-03-29 54554.3 1.849 0.064 0.019
FOS4 UVES 2008-04-11 54567.0 1.855 0.105 0.043
FOS4 UVES 2008-04-27 54583.0 1.863 0.065 0.009
FOS4 UVES 2008-05-12 54599.0 1.871 0.015 0.040
FOS4 UVES 2008-05-30 54616.1 1.879 0.011 0.017
FOS4 UVES 2008-05-31 54617.1 1.880 0.116 0.016
FOS4 UVES 2008-06-11 54629.0 1.886 0.118 0.015 -35 9
FOS4 UVES 2008-07-09 54656.1 1.899 0.198 0.026 -53 45
FOS4 UVES 2008-07-10 54657.1 1.900 0.109 0.027 -14 31
FOS4 UVES 2009-01-25 54856.2 1.998 1.773 0.339 -350 4
FOS4 UVES 2009-02-20 54882.2 2.011 1.127 0.655 -33 9
FOS4 UVES 2009-04-02 54923.3 2.031 0.295 0.269 56 32
FOS4 UVES 2009-04-25 54946.1 2.043 0.294 0.263 9 2
FOS4 UVES 2009-06-17 54999.1 2.069 0.354 0.188 -74 13
FOS4 UVES 2009-06-30 55013.0 2.076 0.055 0.115
FOS4 UVES 2009-07-01 55013.5 2.076 0.050 0.099
FOS4 UVES 2009-07-02 55014.7 2.076 0.164 0.047
FOS4 UVES 2009-07-05 55018.0 2.078 0.128 0.083
FOS4 UVES 2009-07-06 55018.0 2.078 0.169 0.094
FOS4 UVES 2012-04-04 56021.2 2.574 0.059 0.073
FOS4 UVES 2013-11-24 56620.3 2.870 0.298 0.011
FOS4 UVES 2013-12-24 56650.3 2.885 0.081 0.140
FOS4 UVES 2014-01-27 56684.2 2.902 0.296 0.011 -26 4
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Table 3.continued.

Location Instrument Date MJD Phase−EW σEW Vel σVel
(days) (Å) (Å) (km s−1) (km s−1)

FOS4 UVES 2014-02-24 56712.2 2.916 0.118 0.052
FOS4 UVES 2014-03-21 56737.2 2.928 0.017 0.029 -41 18
FOS4 UVES 2014-04-16 56763.1 2.941 0.297 0.058 -107 7
FOS4 UVES 2014-05-26 56804.0 2.961 0.535 0.003 -150 17
FOS4 UVES 2014-06-18 56826.1 2.972 0.663 0.065 -91 6
FOS4 UVES 2014-07-01 56840.0 2.979 1.085 0.109 -32 47
FOS4 UVES 2014-07-27 56865.0 2.991 1.778 0.080 -148 10
FOS4 UVES 2014-07-30 56868.0 2.993 1.627 0.135 -86 23
FOS4 UVES 2014-10-12 56942.4 3.029 0.607 0.239 -30 50
FOS4 UVES 2014-10-24 56954.4 3.035 0.469 0.217 -17 72
FOS4 UVES 2014-11-16 56977.3 3.047 0.547 0.225 -127 11
FOS4 UVES 2014-12-08 56999.3 3.058 0.382 0.137 -17 59
FOS4 UVES 2014-12-21 57012.3 3.064 0.205 0.193
FOS4 UVES 2015-01-01 57027.3 3.071 0.283 0.172
FOS4 UVES 2015-01-21 57043.4 3.079 0.112 0.098
FOS4 UVES 2015-01-25 57047.3 3.081 0.165 0.028
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