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Red Supergiants




High Mass Loss Red Supergiants (David
Frothingham-GS)

1.0

—— log(M/Mgyr—t)= —4

. . —_— Iog(M/M@yr‘1)= -5

e MARCS models with winds produce 0.80 — log(M/Meyr-1)= — 6
atmospheric extension observed in RSGs — log(M/Mayr )= —7

MARCS

but not yet reproduced in models

e The best objects for testing this would be  *°

high-mass loss or late type RSGs =
o RW Cep: 3.6x10°M _/yr (Mauron -
and Johnson 2007) /
o SWCep: 1.15x10°M_/yr (Kee et al. :
2021) 02,
o PZCas:8.36x10°M_/yr (Mauron
and Johnson 2007) 0.0 T il [ . | . |
o V356 CaS 2.0 2.5 3.0 Wave[engis(“m) 4.0 4.5 5.0
o [NB54] 371 Gonzalez-Tora et al. 2023
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High Mass Loss Red Supergiants (David
Frothingham-GS) 5 Squared Vsiity Ampitude D

e EI-E2 e E1-W2 W1-82 e W2-s2 |

\ E1-S2 e S2-E2 W2-E2 w2-wi1
E1-W1 WI1-E2

Observations with MIRCX+MYSTIC
and PAVO in Sep 2022
o Poor weather! But thanks to
generosity of CHARA we got
some data on alternate night
o PZ Cas onright

o '3 WY

Squared Visibility Amplitudes
)
11
“x
o
. .' ....'.:."J’ :

Preliminary results show some ) - - - e e = —
disagreement with existing literature Easstaeii)
values

Target Gaia Distance (pc) Radii (Re) Literature Radii (Rg) this work

SW Cep 301013,3 234 10357 (3

PZ Cas 25861234 1940 (V band) 15851130

1190 (K band)
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Fundamental Parameters of Red Supergiants (Yesenia Beltran-UG,

Keith Lucero-UG)

Using MIRC 2015, 2016 and IRTF
SpeX 2015, 2016 observations
Angular diameter fits using
UltraNest within OITOOLS.||
Using Gaia distances derived in
Bailer-dones et al. 2021

NEW MEXICO TECH
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Object fup \ip INZyp Ao 0 \ip InZpp Radius(R:)
V366 AND 2487007 398 6.96 2607052 0397033 3098 6.96 492738

XXPER 293001 737 -873 3117013 061793 737 -873  7I18TH

KKPER 2301001 3.690 -7.66 245701' 043103. 369 -766 51373

PPPER 1607002 074 -561 L7477 053708 074 -561 372730

BUPER 2827013 2420 -17.05 2757012 0841012 2420 -17.05 6867232

ADPER 260701 591 778 2.76701% 061103 501 778 50473

FZPER 1821003 2360 -1808 213700 089700 2360 -18.08 49675

PRPER 222701 2668 -18.36 2447005 0817037 2668 -18.36 60373

SUPER 530702 30.05 -1881 3.5370% 0787015 30,05 -18.81 1250775
RSPER 298002 19.89 -16.51 3.3470%; 079193 1980 -16.51 775110

SPER 495707 1907 -13.82 513702 0.69792% 19.07 -13.82 120875

WPER 2971001 897 -1056 3.247011 064703 897 -1056 55873

TVGEM 645101 4503 -27.6 4577012 0957900 4503 -27.60 1627152
WY GEM 2701008 4.02 -7.23 2857013 048103 4.02 7.23 52279

6GEM  7.167037 61.23 -34.47 4677550 0957000 61.23 -34.47 1353730
NRVUL 3.0070%% 617 -865 334700 054793, 617 -865 9237
BD+354077 3.25700% 7.88 058 361702 072%03 788 958 62773

BICYG 5517007 202 -6.40 5987038 057703, 202 -640 152873
RWCYG 6317020 2298 -15.25 6.00501% 0821012 2228 -1525 1119%%

AZCYG 3.82100% 1608 -13.75 3.9670% 0451017 16.08 -13.75 9417

KSICYG 541708 030 568 5847035 0497038 030 -568 2067,

LWCYG 4.25100° 15.83 -13.18 4.52702' 048103 1583 -13.18 44571

V424 LAC  3.83700% 13.85 -12.32 407013 07193, 1385 -12.32 288.013




Fundamental Parameters of Red Supergiants (Yesenia Beltran-UG,
Keith Lucero-UG)

e Using MIRC 2015, 2016 and IRTF SpeX 2015, 2016 observations
e Temperatures derived using Starfish code with synthetic spectra from PHOENIX
(values below; RSG grid from Lancon et al. 2007), MARCS, and SATLAS models

T=3440.43+112]
1

Object  Temperature (K) Levesque 2005 Temperature (K) Gazak et al. 2014 Temperature (K)

XX PER 3440113 NA NA

, ogg = ~0.02:8} KK PER 3443112 NA 4030 + 25

o b RS PER 34407} 3550 3690 + 50
& SU PER 3467113 3575 NA
S P TV GEM 3278721 3700 NA
¢ o WY GEM 330612 NA NA
R e 6 GEM 3396113, 3800 NA

E G S FS
T logg
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C ENntro-symmetry va Viations co mp&zred to Gaia errvors

st35gm04n38, T,=3414 K, log(g[c.g.s.])=-0.410 st35gm04b1n001, T,,=3373 K, log(g[c.g.s.])=—0.400
06 ; " : - . : r :
' 0.4 1] —

1 —+$—2011.0 —+-2015.0 —{2018.0
0.4— —2014.0 ——2016.0

y(au]

- 0.2—

5t35gm03n13, T,,=3430 K, log(g[c.g.s.])==0.354 st36gm00n04, T,,=3663 K, log(g[c.g.5.])=0.023

0.20 0.0—

Y (AU)

-0.2—

ylau)

-0.4—

-0.15 -0.10 -0.05 -0.00 0.05 0.10 0.15 -0.15 -0.10 -0.05 0.00 0.05 0.10
«[aU] w[AU] T T | | [

st36gm00N05, T,,=3710 K, log(g[c.g.s.])=0.047 st36g00n06, T,=3660 K, log(g[c.g.s.])=0.009 -0.4 -0.2 0.0 0.2 0.4
: ‘ X (AU)

] Variations in center of mass location scaled to
distance used in Chiavassa et al. 2022

y[av)
°
I
8
T

-0.10  -0.05 0.(‘)0 0.05 0.10 -0.02 OA(:)a 0.02 0.04 0.06 C h i ava S S a et a I . 2 0 22

x[AU] x[AU]

v v -
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Centro-symmetry variations compared to Gazia errors

gigET T T T T T T T T T T ]
. e Spread in photo-center shift for SU
* ——— l Per : 0.03 mas (Chiavassa et al.
| 2022)
£ T - e Gaia uncertainty for SU Per (in
3 ——— | square): 0.03 mas
S *
%*
0.0 Y .
4.4 4.6 4.8 5.0

Log,o(Luminosity [Lg])
Chiavassa et al. 2022



Imaging SU Per
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On-going work (Norris et al. in prep) studying both long and
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Images shown here made with squeeze using total variation
and laplacian regularizers with 3.5 mas masks
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Symbiotic Stars

This material is based upon work supported by the National Science Foundation under Grant 2213518 (LEAPS-MPS)

And in collaboration with Magdalena Otulakowska-Hypka
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What are symbiotic stars?

e Wide orbit interacting
binaries with cool (M type
usually) and hot, compact
(usually white dwarf)
object

e Compact object

accretees mass

o Type la Supernovae
Progenitor?

NASA, ESA, and D. Berry (STScl)
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How does mass get to an accretion disk in symbiotic stars?

N —

e (Observations show a : .
discrepancy in determined 200~ 3
radii of red giant FE |

e Ellipsoidal variations in light f T P P
curves suggest Roche lobe £ o F ¢ 0%),/:
overflow £ r ° 3 _

e But radii derived from " f E ° ]
rotational velocities suggest N i
OtherWISe OO_/I/I,/‘ l5|0I - l1(1)0I - l1;0I - I2(I)OI

e We need interferometric R, [Ro] from LC
radii Mikolajewska (2007)
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Interferometry of Symbiotic Stars (Thomas Gaudin-GS)

e Imaging and model . =
fitting of giant in ‘} % A
systems

o EG And, BD Cam, V1472
Aql, SU Lyn
o Gaudin et al. in prep.

e Models include uniform

disk, elongated disk and o Closure phase date Moge! - diameter - 9.12:334
hybrid model 5w
e Other stars in program o
too [ N RO
o Right: CH Cyg & 0 o %0 1o 160 10 200

Maximum Baseline (MA)

1.60 1.68 1.77 1.86 1.94 2.03 2.12 2.20 2.29 2.38
Wavelength (um) Model - diameter
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Interferometry of Symbiotic Stars (Thomas Gaudin-GS)

e SULyn(L)andBD
Cam (R)
o Gaudin et al. in prep
e SU Lynis likely
transitioning toward
an early stage AGB

C
) 4 0.4

DEC (mas)

L. -25 00 25 ' -2.5 0.0 25
(Ilkiewicz et al. 2022) RA (mas) RA (mas)

e BD Cam s a giant
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Imaging EG And (Rebecca Proni-GS)

e Data spanning 2016-2022, more
if using archival data

e Aninteresting target because it
exhibits ellipsoidal light curves 2

e BUT! Interferometric radius
combined with dynamical mass
suggests star is not filling Roche
radius (Gaudin et al. in prep)

DEC (mas)

e Image on right: July 2022 with -

OITOOLS,|I
e Rebecca is working on imaging -

each epoch T T e T
e Inclination 60° (Sion, E.M et al.

2017)
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Squared Visibility Amplitudes - Model vs data plot

. - oL

Modelling EG And (Nirupam Roy-GS) -

e Data spanning 2016-2021, more
if using archival data

e Aninteresting target because it
exhibits ellipsoidal light curves il

e BUT! Interferometric radius
combined with dynamical mass
suggests star is not filling Roche

Squared Visibility Amplitudes

Model - diameter = 1.69%333

i

-4

Residuals (number of sigma)

radius

e Nirupam is working on
investigating changes in radii B & o b i [N A (N N S N
and/or shape across different R sesene

Model - diameter

points in the orbit
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4U +1954

e Long Period X-Ray Binary (symbiotic?) with Neutron Star
e Recently identified as containing a supergiant:

o M4 1 (Hinkle et al. 2020)

o NOT a traditional symbiotic system
e Spectra gave T= 34501109

e SED and Gaia distance ( 3295725° pc) give
o L=4388073110 L. R=586"15 R
m Hinkle et al. 2020

V934 Her
e X-Ray Symbiotic with Neutron Star

M‘ 18




Squared Visibility Amplitudes - Model vs data plot

1004 - i, —

seeefe Model - diameter = 1.21*3-32

4U +1954

1073 4

Fitting with UltraNest within
OITOOLS,|l

Squared Visibility Amplitudes
=
o
S

H
15}
&b

,_.
15)
&
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R 447+ R@ & . APV RN RN SN

Model - diameter

with parallax from Bailer-Jones

I : : .
et al. 2021 s | n I O
3 1 - QIR I * . :'"-a e, 2 * .
+129 £ 0 % . o % :‘“'.. ” ..;‘3. ?‘5:0.0.."\ o .'.o L3 .
2 :- P o‘ .20.0 P o0, P 3 %00 e e 2 ® Py
R 428 R@ % 6- :- R ¢ . [ S .t: \?‘{. L.
3 -2 & I' < , . *
with parallax used in Hinkle et % )
al. 2020 i
2‘5 5'0 7‘5 160 12'5 15;0 17‘5 260 255
Baseline (MA)
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V934 Her

Fitting with UltraNest within OITOOLS,jI

R = 79" Ry

with parallax from Bailer-Jones et al. 2021

R =80"; Re

with parallax used in Hinkle et al. 2019

71 Re

in Hinkle et al. 2019 and

90 Ry,

in Van Belle et al. 1999
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Squared Visibility Amplitudes

1075 4

Residuals (number of sigma)

Squared Visibility Amplitudes - Model vs data plot
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1074 5

Baseline (MA)
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T Crb: An upcoming recurrent nova

Closest recurrent nova
Eruption in 1866 and 1946
XMM-Newton observations
suggest increased accretion in
the past five years

Brightness increases similar
to that of past events

Previous Predictions:

2023.6 = 1 10
2026 = 3 -

. 13
(SChaefer’ B.E 201 9’ Luna et 1855 1875 1895 1915 1935 1955 1975 1995 2015
al. 2020) Year

Schaefer, B.E. 2023

. v . 21

Magnitude
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T Crb: An upcoming nova
e Novain 1866 and 1946

In 1946, a decrease in
brightness happened roughly
one year before nov

e (Cause?
o Possibly related to
circumstellar dust
o P Cygni profile observed
prior to 1946 eruption

Magnitude

1941 1942 1943 1944 1945 1946 1947
Year

Schaefer, B.E. 2023

. v . 22




T Crb: An upcoming nova

Newest prediction based on
comparison to previous
eruptions

2020.0 = 1.3

Schaefer, B.E. 2023

Magnitude

2005 2010 2015 2020 2025 2030
Year

Schaefer, B.E. 2023

. v . 23




T Crb: An upcoming nova

e Multi-discipline collaboration

o X-Ray, Radio, novae 9
experts
e (Goals: Monitor in time leading
up to eruption 10
o Aide ininterpreting nova 3
observations E
o Understand pre-eruption g1
dip?
e Determine mass-transfer
mechanism T~
o Inclination 60° (Belczynski
& Mikolajewska 1998) 2005 2010 2015 2020 2025 2030

Year

o Estimated angular

diameter 0.9 mas Schaefer, B.E. 2023
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Other Projects
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Simulating Light Curves of Exoplanets with Satellite Debris
(Michael Liebel-UG and Jacob Sandusky-UG)

e Currently N
making models n - -
of limb
darkened disks
and
atmosphere

00000

99999

100 200 300 400 500

approximated Upper Left: Star and plane with exaggerated
via gradient atmosphere
o Next step is to Upper Right: Light curve for upper left model

model debris Lower Right: Scale simulation of Mercury around Sun

NEW MEXICO TECH



Summary

e Six undergraduates learning optical interferometry and/or simulation
techniques
e Three graduate students learning optical interferometry and studying evolved

stars, all using CHARA data/conducting observations via NOIRLab
o Many others are contributing to MROI development outside of my group

e Looking ahead to MROI: Larger RSGs, including very evolved objects that are
faint in optical wavelengths; additional symbiotic and other interacting
binaries; numerous other object classes!
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