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What is ε Aurigae

Single line spectroscopic eclipsing binary star system

Eclipses first “discovered” in 1821

27.1 year period established in 1903

Anomalously long, 21-month, primary eclipse

No detectable secondary eclipse
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What is epsilon Auriage?
No. What IS epsilon Auriage, really?
Supporting Evidence

ε Aurigae

A swarm of meteroites
(10-100 µm)
(Ludendorff, 1903)

Largest star in the universe
(Kuiper, G. P. and Struve, O. and Strömgren, B.;
1937)

A disk
(Huang, 1965)

A black hole
(Cameron, 1971)

High mass system
(review: Webbink, 1985)

Binary or a trinary?
(Lissauer, 1984)

Low mass system
(Webbink, 1985)
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1937)

A disk
(Huang, 1965)

A black hole
(Cameron, 1971)

High mass system
(review: Webbink, 1985)

Binary or a trinary?
(Lissauer, 1984)

Low mass system
(Webbink, 1985)

Image Credit: Dan Weeks

Brian Kloppenborg Towards solving the mystery of epsilon Aurigae



Background
Dissertation Work

Assembling the results

What is epsilon Auriage?
No. What IS epsilon Auriage, really?
Supporting Evidence

ε Aurigae

A swarm of meteroites
(10-100 µm)
(Ludendorff, 1903)

Largest star in the universe
(Kuiper, G. P. and Struve, O. and Strömgren, B.;
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ε Aur on the HR diagram

ε Aur F-star Stats:

T: 7750 K

R: 135 R�

L: > 104

Image Courtesy of the Museum of Flight
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Case 1: F-Supergiant

F-type Supergiant Properties
M0 > 10M�

[Na/Fe] > 0
(overabundance)

Stable photometrically

Low surface gravity

Disk would be leftovers from
system formation

Evolutionary Tracks, adapted from Iben (1967)
Brian Kloppenborg Towards solving the mystery of epsilon Aurigae
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Case 2: post-AGB

Evolutionary Tracks, adapted from Iben (1991)

post-AGB properties:
M0 < 8M�

Advanced (s-) processing of
materials

Dust Production

∆P/∆Teff = 0.047 days /
K

Disk is debris from mass loss
on AGB.
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Spectroscopic Support?

Sadakane (F-star):
Spectral Analysis:
Supergiant

Hinkle & Simon (Disk):
12CO/13CO: Post-AGB

1388 K. Sadakane et al. [Vol. 62,

Table 4. Uncertainties in the abundances of HD 81471.

Ion Δ Teff Δ log g Δ �t
+50 K +0.3 +1.0 km s�1

C I 0.03 �0.20 0.00
N I �0.04 0.07 �0.10
O I �0.05 �0.05 �0.03
Na I 0.07 �0.09 �0.04
Mg I 0.06 �0.17 �0.08
Mg II 0.07 0.02 �0.02
Si II �0.16 �0.04 �0.07
S I 0.09 0.32 �0.05
Ca I 0.45 �0.02 �0.06
Ca II 0.11 �0.10 �0.01
Sc II 0.07 �0.02 �0.04
Ti II �0.03 �0.04 �0.06
Cr II �0.01 0.00 �0.04
Fe I 0.08 �0.21 �0.03
Fe II 0.02 0.05 �0.04
Sr II �0.05 �0.17 �0.15
Y II 0.05 �0.12 �0.01
Zr II 0.04 �0.06 �0.01
Ba II 0.07 �0.21 �0.03

Fig. 9. Abundances of 16 elements in � Aur and in the reference star
HD 81471. LTE and non-LTE abundances are shown by dots and open
squares, respectively. The error bars were estimated from the rms scat-
ters given in table 3.

HD 81471. We found that the overall abundance patterns in
both stars are quite similar. The abundances of the ˛ elements
(Mg, Si, S, Ca, and Ti) and those of Sc, Cr, and Fe are very
close to the solar abundances in both stars.

Light elements C and O are under-abundant, while N and
Na are clearly over-abundant in both stars. Both C and O
are slightly (� 0.2 dex) more under-abundant in � Aur than
in HD 81471. Przybilla et al. (2010) presented non-LTE
abundances of CNO in 6 B-type main-sequence stars and in
14 B and A-type supergiants. They found a good qualitative

agreement between the observations and predictions for the
N=C ratio, finding low values (close to the solar ratio) for
the main-sequence stars and enhanced values for supergiants.
They also noted that the total of the CNO abundances (Σ CNO)
in these objects show only a small scatter around the mean
value (logΣ CNO +12 = 8.98 ˙0.05) implying the catalytic
nature of the CNO cycle. We obtained the total abundances
of CNO, logΣ CNO +12 = 8.78 and 8.89 in � Aur and
HD 81471, respectively. Taking the uncertainties in the
adopted amounts of the non-LTE corrections into account, we
conclude that the total of the CNO abundances in � Aur and
HD 81471 are both close to the solar value.

Among heavy elements, only Sr is clearly under-abundant
in both stars. One notable difference is the mean abundance of
the three s-process elements (Y, Zr, and Ba) between the two
stars. The mean abundance of Y, Zr, and Ba found in � Aur is
0.25 dex higher than that that in HD 81471.

We compared our results with those obtained by Castelli
(1978), who used spectrograms (dispersion 7.5 Å=mm)
observed on 1971 February 11, 12, and 13 (Castelli 1977),
and used a model atmosphere with Teff = 7800 K and
log g = 1.0. She introduced a depth-increasing microturbu-
lence (from 2 km s�1 at the outermost layer to 18 km s�1 at the
innermost layer) in order to achieve agreements between the
observed and theoretical curves of growth for the Fe I and Fe II

lines. Although Castelli (1978) concluded that the abundances
in � Aur are normal , she obtained slight under-abundances of
O and Al and over-abundances (showing differences larger than
0.4 dex with respect to the Sun) of Si, Sc, Mn, Sr, Y, Zr, and
Ba. The over-abundances of Y, Zr, and Ba are qualitatively
in agreement with our results. However, her results generally
show higher abundances than ours.

It is interesteing to examine whether the observed abun-
dances in � Aur show some indications of AGB thermal
dredge-up and/or enhancements of s-process elements appro-
priate for a post-AGB star, as suggested by Hoard et al. (2010).

Van Winckel (1997) presented LTE abundances in 10 opti-
cally bright F-type post-AGB stars, and emphasized that the
observed patterns in abundances are very diverse among them.
He discussed the observed abundances in 25 post-AGB stars,
including his 10 new analyses, and noted that only a small frac-
tion of objects conform to the standard post third dredge-up
theory. In fact, he found conclusive chemical evidence in only
three stars (HD 56126, HD 158616, and HD 187885) that they
experienced a post-AGB evolutionary phase, showing a high
total CNO abundance, a supersolar He content, and among
others, large over-abundances of s-process elements. Recently,
Reyniers et al. (2004, 2007) published detailed abundance anal-
yses obtained for 4 s-process enhanced post-AGB stars.

We compare in table 5 the abundances of C, N, and O
in � Aur and HD 81471 with recently published results for
5 bright high-mass supergiant stars and 4 s-process enhanced
post-AGB stars analyzed in Reyniers et al. (2004, 2007). We
find that the values of [C=Fe] and [O=Fe] are all negative,
or close to 0, in � Aur and in 6 high-mass supergiant stars
including HD 81471, while the values of [N=Fe] are all posi-
tive in them. On the other hand, the values of [C=Fe] and
[O=Fe] are all positive in the 4 s-process enhanced post-AGB
stars; furthermore, the values of [C=Fe] are higher than [N=Fe]

ε Aur abundances compared to HD 81471 (A7 Iab supergiant)
(Sadakane 2010)
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Photometric Variability
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My Dissertation

Hypothesis

The F-star is not a massive supergiant as presently assumed, but
instead is a lower-mass post-AGB star that has recently (in the
evolutionary sense) lost a few solar masses of material which has
largely ended up in and around the B-type companion and in a
circumbinary disk.
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Towards proving the hypothesis

1 Establish that the disk is not composed of copious amounts of
gas and is more akin to debris-disks than YSOs,

2 Find a change in period and temperature over 100 years of
observations which is indicative of post-AGB stars,

3 Find s-process elements in sufficient quantities to establish the
post-AGB nature of the system.
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Interferometry
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Interferometry
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What’s real, what’s fake?

(Kloppenborg et. al 2011)
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Preliminary from OIFITS-sim

Initial results in Kloppenborg et. al 2011, OIFITS-sim publication upcoming.
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IR Spectroscopy

Epsilon Aurigae in Eclipse
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ε Aur IR Spectroscopy (upcoming, Stencel, Kloppenborg et. al 2011)
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Long-Term photometry

ε Aurigae Phase
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Re-solving the orbital solution

All published (complete)
orbits inconsistent

Best astrometric data
1939.82 - 1977.1302

Incorrect assumptions
corrupted solution.

An accurate distance
resolves the entire problem.

Kloppenborg (2011)
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A possible conclusion

Disk: YSO or YS-No
12CO/13CO is indicative of debris disks, not YSOs
If system is at < 625 pc, scale height agrees with debris disk

Change in Teff or P

Qualitative agreement with post-AGB interpretation (↓ P,
unknown ∆Teff )

s-process elements

Work completed by other folks.

Orbit Work

Initial results looking good
Full analysis under way.
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