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Eta Carinae .

BEDIFEFRIFRICDOWVT

2| | . Et' . | | 1 Eta Carinae (FEEXT Z XD LBV :
0 - -
o[ ) i Mn ~ 100+ Msun
v 1 Ln ~ 10°° Lsun (near Eddington Luminosity)
i Mass loss rate ~ 10-3 ~ 10-4 Msun/year
6F W ]
5F umommers and bavideon ] R BREMEEA LY, FTRELACGE
- | . | 1 2AT. 40 Msun < 5VDEEHIEFEEDS
1600 1700 1800 1900 2000
. B Eta Carinae EFDOHBAEEEDF
| 1™ ZEMIF. Eddi Luminosi
bt ﬁ\m ~ E l\ngton um|n03|'t_¥_l
Ef ‘ éh%o
: ‘ ™ | Thel osi K
6 | rrn e last explosive event too
) \f: A place in 1840s (and a minor
a iy

eruption in 1890s). Released

Year

L L L L L L L L L L
1820 1830 1B40 1850 1860 1&¥0 1880 1800 1900 1810 1920 1930 1940 1850 1960 1970 1930 1200 2000 2010

1e49erg of energy.

Fig.3. Light curve of 5 Car since 1820 until 2008 including visual (®), photographic (m), photoelectric (A) and our V CCD (s)

observations. The maximum peak reached in 2006 and the consecutive decline are clearly visible.
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Eta Carinae : FEIRNZTHFHIOR R C KR
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Eta Carinae . BE THB_ K
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Eta Car: EE TH D Z Dl

Colliding Wind Model Works.
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Rossi X-ray Timing
Explorer

Proportional Counter
Array used

(HRYFL—4)
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Eta Car: T3 3 EEH7?
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| _ | So the decline in mass loss is
likely happening.

http://asd.gsfc.nasa.gov/Michael.Corcoran/eta_car/etacar_rxte_lightcurve/index.html
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Eta Car: Out of its 120" year hiatus
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Mehner et al. (2010) discovered that /5£
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Bo EmISSIon lines are weakening over a
decade.
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Prominent hydrogen Balmer lines, Fell,
[Fe Il] and Cr Il lines weakened by a
factor of 1.5 ~ 3, whereas He | lines were
unchanged.

Normalized Flux

P Cygni absorption of He |, however,
deepened.
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Mehner et al. 2010
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The principle of radiatively driven winds To drive radiatively driven steller
wind, we need:

« Ample of ionizing UV photons,

v Resonance scatter with metals
[C IV, SilV,NYV, etc.] to
enhance momentum transfer from
photons to atoms

v Abundance of metals (from CNO
cycle, more or less)
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http://www.ifa.hawaii.edu/~kud/windsfromhotstars/hotwinds.html
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Eta Car: T 93 EER
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Mehner et al. 2012, in review
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Phase=0.21 (1999) -
Phase=2.20 (2010) ——
Phase=2.28 (2010)
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Mehner et al. 2012, in review

Deeper P Cygni absorption in He |
lines, while declining the density of its
wind, Is not a problem.

The Population of n(He* + He®)
Influences the degree of absorption
more than n(He®) alone, since He |
A6680 originates from highly excited
energy level, i.e., easier to ionize first
and then balance recommbination and
excitation afterward to form P Cygni
absorption.
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Near IR observations

« SAAO MK-II photometer (JHKL bands)
See Whitelock et al. (2004)

e IRSF/SIRIUS photometry (JHKs bands)
» Use of two ND filters (1%+10% or 1%+1%)
» Use of an occulting filter (see Nagayama)
« Standard stars: BS4450 & BS4382
* IRAF standard processing package used

SAAO MKkK-II to be decommissioned in Sept. 2014...

IRSF will hold the key for continuous monitoring
of eta Car in NIR.
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NIR Light Curve: Long-Term Secular Increase

2000

Year

1985 1980

1995

2005 2010

1970
2+

|
—
T

JHKL (mag)

! Phase

1975 1980

¥ AR % .

o

-4 -3 -2 -1

B IEIBE O LISEEN?

iﬁi&*héggbﬁwﬂﬂj@gh @gﬂﬁ.

L-Band

55000

52500

42500 47500

BEZR - BHE - UEEEWRS 2017

17/Sep/2017



EER - THE - HBEEEWRS 2017  17/Sep/2017



NIR Light Curve: Binary-Related Variabilities
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A peak and a dip observed periodically at a
time interval of 5.5yrs, coinciding with
putative periastron passage of a companion.

To be frankly honest, the exact mechanism is
not yet fully studied...(z#%. ##H=%?)
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Eta Carinae: &% &8—&K?
1.1 2009.0-20145 =
2003 .5-2009.0
1998.0-2003.5 m
L 1992.5-1998.0 m |
1987 .0-19925 =
1981.5-1987.0
. 1976.0-1981.5 m
0.9 ]
£l
€I
L
D'E- B + L. , n T 7]
h.
-ﬁ T :I: ermor MEk I
0.7 : : +
] ] | ] | ]

I I I
08 0.9 1 11 12 13 14 15 16 1.7
H-K (mag)

HER  -THE - MBEEEMRS 2017  17/Sep/2017



NIR Color-Color Magnitude Diagram
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Extinction-Corrected J-H vs. H-K Diagram
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Extinction-Corrected J-H vs. H-K Diagram
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Let Our Imagination Go Wild...
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go
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But, think about it. E L e Iy
Eta Car is freakishly bright and ionizing UV 06F ook R
photons permeate through massive winds i
within 150 A.U....no way that newly formed 0-5 13 14 15 18 17
dust would exist within that radius. H-K (mag)

Dust scenario just doesn't work (wrong timescale, wrong location).

It seems more probable that NIR emission originates from thermal plasma
near eta Car (or its stellar wind). And the star is getting hotter.

ESLEDREHED LA >TE?
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Let Our Imagination Go Wilder...

Then, what makes the star hotter?

BEFRIF. HEFED FSHBEFELTLS
D TIEBRWH? B HHHEE S BEBDRICH
EREXIEINI T3 gEMEHD?

A tidal force from a putative companion star
acts upon eta Car enough that it impulsively
spins up the rotational velocity.

Eventually, the rotational velocity reaches its
critical rotation limit (~240km/s) and all sorts of
weird instabilities could kick in.

The orbital velocity of the companion at
periastron is expected to be around 300km/s.
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Discrete, impulsive spinning of eta Car by the companion could explain:

- Discrete, periodic changes in its wind properties
- Faster rotation could induce a lower mass loss rate,
hence exposing hotter (naked) stellar atmosphere (i.e., lower opacity in wind).
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Let Our Imagination Go Wildest...
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1
In a long run, sure, that is probably true. :-)

50.9
E
It is hypothesized that eta Car reached its T 0.8
critical rotation limit in 1992.5 and started ” 07
showing the sign of rotational instabilities. ‘
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Combined with its internal instability (unique to

LBVS), a major eruption is imperative in near
future.

When will it erupt? WDIRFEL S5 2DH?

REA!  TH. RDARY X 2020 FEICFE. FHEADRSNZH?

We need your helping hands to keep eyes on the star throughout this event!!
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Back-up Slides
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Eta Carinae: Periodic Changes in NIR C-C Plot
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Eta Car: No Changes in lonization
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In the polar direction, a nested bipolar
nebula (little Homunculus, a.k.a. LH)
Intersects ionizing photons from the

star(s) and re-radiates as it reaches its
own LTE.

The electron temperature of LH shows
no significant secular changes.

# This result can be inferred from plasma

# diagnostics of permitted and forbidden Fe Il
# in assumption that LTE is achieved.

Ishibashi & Mehner 2012, in prep.

MJD (days)
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Eta Car: Not Thinning its Wind in Poles
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400} , | !f' ] shows no clear and vivid changes in
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Mehner et al. 2012, in review
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