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Kris DaVIdson
- eta Car is an unstable LBV star, recovering S&T 1998 b’
from the 1847 Giant Eruption. Occasional shell \‘
ejections
-Recent changes are due to a fast stellar
evolution with decreasing /| of the primary Ry Qe
star |

hot X-ray-emitting
shock fronts

Binary System
Winds collide

' make hot shock
‘ front and X-1ays

- Eta Car is an interacting massive binary
with stable companions

-The changes since the 1900s are due to
extinction decrease — dissipating occulter

~ 2000 km 'sec wind



Powerhouse of
% the system

Setting the stage: the main players massive binary

Little Homuncu_l,u$1890)'

B

5756.19 Ang. -60.0 to -20.0 km/sec

Weigelt clumps dissipating occulter



Basis of the stellar instability scenario

The ever-changing photometric light-curve of the whole object (core+nebula)
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Basis of the stellar instability scenBiEe

ETA Carinae 1974 Mar.10

-

Fe II 4629
(Fe I 4728

High excitation lines show transient low excitation events
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Basis of the stellar instability scenario 6

Unrestling brightness 1965-1995 the brightness dominated by reflection nebula

Nebula+core
ground-based
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Basis of the stellar instability scenario

Large changes in the profile/intensity of the wind lines
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contradictions

The MI-IR brightness is constant (calorimetric re-emission of the dust in the nebula)
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contradictionss

The X-rays light-curve (wind-wind collision) is constant, indicating a stable wind of the secondary star
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Contradictions

In 2000-20s the stellar core brightned by
10X, what is not allowed for a star close to
the Eddington limit

The reflecting nebula remained constant
(contrary to 1940) .

How does it reflect the central core?

The extinction decreased for us,

but have not changed for the Homunculus.
Coronagraphic occulter
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<— Martin+04 (HST spectra)
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calibration with HST

[0 O - ACS images
® - STIS spectra

2015 2020




The direct spectrum is converging to the reflected one as the occulter dissipates because we
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Binarity of the central star is a key ingredient to monitor
the long-term evolution (same orbital phases)

They correspond to periastron passsages
in a very eccentic binary. (ec=0.9)

The short-lived low excitation events were
found to have strict periodicity P=5.534 yr

Damineli et al. 2000
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The star is constant!

The extinction is decreasing (only) to our L.O.S.

There must be a (coronagraphic) occulter to our L.O.S.
The occulter is dissipating (its extinction is decreasing)
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All the the relevant spectroscopic changes occur close to our line-of-sight

(except that in 1940)

Occulter

tellar continuum
Damineli et al. 2024

Central

( .
Weigelt clumps blpary

Narrow emission lines ; *




Impact of the dissipating occulter on the observed spectrum
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Impact of the dissipating occulter on the observed spectrum
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Flux (erg/cm2/A/s)
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NEBULAR EMISSION LINES: Weigelt clumps

HST/STIS
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-
o
b4

=
<

1.0x10"2

I

LERELIR) P [ PR P S P S B Sy P PO R PR [ R o O R Py R ) [ T S T R T B PR AR =

| Fellna631

[ oM 2002.5

[Felll]M659 i
7.78

$=10.817

$=12.839

4630 4640 4650 4660

Wavelength (A)

Damineli et al. 2023

Normalized Intensity (I/E)

From the ground

17

14

12

10

o

ML VNG

)

R1Y. "'I’l Ny~ #\ L’"K b' \‘t

1993
2021

4200

|
4300

4400 4500
Wavelength (A)

4600

MLy . \ e " A '\w A\ lk




NEBULAR ABSORTPION LINES: a) Little Homunculus (UV ionization)

Damineli et al. 2021 (a)
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NEBULAR ABSORTPION LINES: a) Homunculus (UV ionization)

Gull et al. 2023 > 800 lines H,
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WIND LINES: MODELS

1.6

M decreased? by 2X since 1993

= full wind
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WIND LINES: a) absorption strength. (KILLING FOR DECREASING M)

Damineli et al. 2023
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WIND LINES: a) absorption & emission width (BIG PROBLEM FOR DECREASING M )
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The ratio [Felll]/[Fell] monitor the excitation at the Weigelt clumps

The excitation jumped in 1940 and 1980: dust cleaning close to the binary

Damineli et al. 2024
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M. M. Kiminki, M. Reiter and N. Smith 2016

1' A turbulent paSt Apparent Ejection Dote (A.D.): T
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> 1000 km s~'

before the GE1847

2- But the GE was not a
typical LBV eruption




Constancy after 1900: just 50 years after the GE1847
In line with the model of a binary merger in a triple star system

Schneider+2019
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GE1847=> not a SN impostor => true explosion
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When will we see the companion stars dancing naked?
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Did we already revealled the dissipating occulter?
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When the occulter dissipates, the nebula will get less charming. *°

Hey, hand my occulter back !

2010



Summary- eta Carinae: the tamed shrew
A paradifm shift

1- Eta Carinae earned a fame of an unpredictable star from its Giant Eruption in 1847. This scenario continued, based on its
photometric and spectroscopic variations.
2- This paradigm changed in the XXIst century based on a number of new data

a) The recognition that a number of fluctuations have stricty periodicity (P=5.534y) an fit to an eccentric (e=0.9) binary system

b) The binary companions have a strong interaction due to wind-wind collision, which are enhanced around periastron

c) Once the periodic changes are discounted, we see a long-term evolution which has many apparent contradictions with

the brightness constancy of the reflection nebula, which remains constant.

Such a contradiction are explained by the existence of an intervening nebula in our line-of-sight which has coronagraphi
properties. It is in a process of dissipation, but only structures close to our L.O.S. shows long-term variations. The mechanism
is regulated by amount of stellar continuum blocked by the occulter to our direction.
A short list of the contradictions:

. - The X-ray and NIR light-curves remained constant thorough the last 30-50 years while the core brightness increased by 1C

. - The Weigelt clumps - which reflect the central system without off the occulter’s intervention - remained at constant
brightness and degree of excitation over the past 20 years .

. -The EW of the wind lines remained constant when measured in the reflection nebula. In direct light to the central system,

the lower Balmer lines are decreasing, but the upper members of the series remained constant. This is due to the fact
that the lower Balmer members are emitted also at larger radii and so, with different contrast with the central star.
. - The terminal speed of the wind lines remained constant, so, no intrinsic changes in the primary star.

Once the decrease in the extinction to the central star is discounted, the central star have been constant since the 1900s.



