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Upper End of HR Diagram
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Motivations

(1) Study hypergiants' poorly understood episodic
mass-loss during the RSG stage and post-RSG
stages using new capabillities in near-IR imaging and
polarimetry.

(2) Combine the study of their close environments
with mid/far-IR imaging of their larger environments to
determine their mass-loss histories.
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1 Cep: SOFIA/FORCAST (11 - 37 um)
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1 Cep: SOFIA/FORCAST (11 - 37 um)
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Mass-Loss History
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U Cep: Mass-Loss History

p Cep: Spectral Energy Distribution 1 Cep: 37.1 um Surface Brightness
- ! I ! ' -3
-11 _
107 — p(r) ot 1 1.000 .+« observed
I - -2 ] E\ o O
10_12'_ A a p(?") xTr _ > : \\\\\\ o PSF :
5 75 e MIRAC3 I % \ . p(r) o 18|
sl m Herschel PACS % . (r) 9
—~ 107 SOFIA / FORCAST [{ = AT
-14 fd
é 10 — g
= 15[ 2
o 10°F o
= g
: = 0.010F
-16 N
1077F £ ;
; S i
1027} - :
10_18-—. Lo R B R R N - 0.001O '5 1'0 1'5 2'(;\“
0.3 1 3 10 30 100 300 distance from star (")

A (um)

1 x 10 Mo /yr < M(t) < 5x 106 Mo / yr

(M) = 4x10€ Mo /yr

Shenoy et al. (2016)




| | | | | | | | | | | | |
_12 - n _Car‘
i | (wind) — 6.5
HST F1042M (1.02 um) |}
3 —
I I I T l | I l l - — 6.0
2+ o T eh® | Log L
1L »—NMLCyg— 5.5
e—S Per
oL
1k
2k
3k
Al L=2.7%10° Lo
s D=1.2Kkpc

. Y (1" = 1200 AU)

I 1
3 2 1 0 -1 -2 -3 -4 -5

ARA (") Sp Type: M4 - M5 la

Humphreys, Helton & Jones (2007)




VY CMa;

Near-IR & Polarimetry
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J2000 Declination

VY CMa: Sub-MM
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VY CMa: SOFIA/FORCAST (20 - 37 uym)
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VY CMa: SOFIA/FORCAST (20 - 37 uym)
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VY CMa:. Average Mass Loss Rate

VY CMa: Spectral Energy Distribution
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RSG Mass Loss Rates - Comparison

Adapted from Fig. 2 of Mauron & Josselin (2011)
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IRC +10420: SOFIA/ FORCAST (20 - 37 um)
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IRC +10420: MMT/MIRAC (8 - 12 um)
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IRC +10420: Mass-Loss History

AF, (W/cm?)

IRC +10420: Spectral Energy Distribution

IRC +10420: model dust density distribution
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o Cas: SOFIA/FORCAST (20 - 37 um)
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o Cas: SOFIA/FORCAST (20 - 37 um)

p Cas: Spectral Energy Distribution with IR Excess Time Evolution
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SUMMARY & FUTURE WORK

- Y Cep: FORCAST resolved emission — declining M,
with (M) = 4 x 10°° Mo / yr, over 13,000 yr

- VY CMa: discrete episodic ejections (Clump > 5 x10- Mo).
with (M) = 6 x 104 Mo / yr

- |IRC + 10420: Order of magnitude change ~ 2000 yr ago

- FUTURE WORK: NML Cyg, VX Sgr, S Per, T Per, RS Per
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