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Discovery of missing red giant

e discovery paper of Kristen Sellgren (now Emerita Professor, Ohio
State University) from 1990
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ABSTRACT

‘We have obtained spectra of the 2.3 um CO band head in integrated starlight at several positions in the
central 1.2 pc of the Galaxy. We find that the strength of the absorption feature declines with projected dis-
tance for projected distances less than 15" (0.6 pc). We confirm that there is an increase in the velocity disper-
sion ¢ of the faint stars toward the Galactic center. However, within a 15” radius of IRS 16, we find that there
is no dependence of ¢ on projected distance. We find that (¢ =125 km s™' and that systematic rotation of
the stellar cluster is negligible in the central region. The observations are consistent with there being no CO
absorption feature in the diffuse starlight within a true radius of 0.6 pc, with the observed CO feature at
projected distances less than 0.6 pe arising in material at larger true radii along the line of sight. We discuss
several possible explanations for the lack of CO absorption in the central 1.2 pc, including destruction of the
atmospheres of late-type stars by stellar collisions, dissociation of the CO molecule in the atmospheres of the
late-type stars by a central luminosity source, and a core radius for the old stellar population of 0.6 pc com-
bined with an additional cluster of sources without CO absorption in the central parsec. Given the new infor-
mation on the dependence of the strength of the CO band head on projected distance, we have reanalyzed the
kinematic data presented in a previous paper (McGinn et al. 1989) to derive the mass distribution for radii
between ~4 and ~0.6 pc. We confirm the conclusions of that paper that there is evidence for an increase in
the mass—to—2 um radiation ratio M/Fy toward the center of the Galaxy. If there is no change in M/F, of the
stellar cluster, then an unseen mass of (5.5 + 1.5) x 10° M must be concentrated within a 0.6 pc radius of the
Galactic center in order to explain the observed kinematics.
Subject headings: galaxies: internal motions — galaxies: The Galaxy — galaxies: nuclei — infrared: spectra



Discovery of missing red giants

e discovery paper of Kristen Sellgren (now Emerita Professor, Ohio
State University) from 1990
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FIG. 5.—Observations of Fig. 3, compared with model calculations. The curves arc model predictions for the CO ion strength i along the line of

sight, assuming that the density of CO absorption sources depends on true radius r as r~'** outside a radius g but changes for < ro. These models assume that

the density of all 2 um sources is proportional to r ™ for r > r, ,,, and is constant forr < r, ,,, Wherer, ., is the core radius for the 2 #m light. Model A (dotted
curve): no CO absorption sources for r < rep = 10751 ,,, = 1”. Model B (dashed curve): constant density of CO absorption sources for r < 7oo = 15";7; 40



e flattening of the surface-brightness profile of brighter late-type
stars

e fainter late-type stars as well as young OB stars have cusp-like
profiles

Surface density profiles of early- (green) and late-type (red) stars by
Buchholz+-09:

sources /arcsec®




Observational results: surface-brightness profiles

e fainter gaints show a cusp-like profile (Habibi+19, Schoedel+20)
e brighter late-type stars of K; = 14.5 — 14.0 mag have a flat to a
decreasing surface density profile

Results from Schoedel+2020: 45 = 0.13 +0.32, a355 = —0.26 4+ 0.15,
o165 = —0.49 + 0.14, aiy75 = —0.59 £ 0.14, 185 = —0.27 £0.11

surface density [N/arcsec2]
surface density [N/arcsec2]
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e Key question: What mechanism is responsible for a stellar cusp
of fainter late-type stars and a flat, core-like profile of brighter
red giants?

e Schoedel+2020 found that 80% of the stellar mass formed > 10 Gyr
ago

e two-body (non-resonant) relaxation time (in the inner parsec):

0.3403

—— ~ 1. 10° 1
G2m,py log A 3x10%yr (1)

Trelax —

e most (~ 80%) of the late-type stars are expected to be relaxed —
Bahcall-Wolf-like cusp should be present with the 3D slope of
p(r) o< r=1® (Solar-mass stars) and v ~ —2 for stellar black holes
(Alexander 2017)



Observational results: surface-brightness profiles

e apart from the brightest late-type stars with Ky = 14.5 — 14.0 mag,
fainter gaints show a cusp-like profile (Habibi+19, Schoedel+-20)

Results from Schoedel+2020: 145 = 0.13 + 0.32, ay5.5 = —0.26 4+ 0.15,
o165 = —0.49 £ 0.14, 175 = —0.59 +0.14, ag5 = —0.27 £ 0.11
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Observational results: surface-brightness profiles

e Habibi+19 found that ~ 4 — 5 bright giants (Ks < 15.5) could be
missing within ~ 0.04 pc

e Gallego-Cano+18 estimate ~ 100 missing bright giants within the
inner ~ 0.3 pc

Habibi+19 infer that atmosphere radii of late-type stars < 30R at
< 0.2pc:
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Explanations of the missing bright giants

e a process that preferantially acts upon extended, large giants and
leaves smaller, fainter giants as well as young OB stars intact —
alternation of spatial, temperature, and/or luminosity distribution

S-star cluster, R
‘radips ~ 1 light dnth’
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Late-type stars ( , red) vs. early-type stars (blue) (SINFONI,
NACO; Genzel et al. 2010)




Explanations of the missing bright giants

Several scenarios proposed within the last 30 years:

(a) tidal disruption of red giants by the SMBH (Hills 1975;
Bogdanovic+2014; King 2020),

(b) red giant—accretion disc (clumps) collisions (Armitage+1996;
Amaro-Seoane & Chen 2014; Kieffer & Bogdanovic 2016),

(c) collisions of red giants with field stars and compact remnants
(Phinney 1989; Morris 1993; Genzel+1996),

(d) mass segregation effects: the infall of a secondary massive black
hole (Baumgardt+2006; Merritt & Szell 2006) or the infall of a
massive cluster (Kim & Morris 2003; Ernst4-2009, Antonini+2012)
or the dynamical segregation of stellar black holes (Morris 1993).

(e) stellar evolution of hard binary systems — relevant also for
globular cluster cores (Beer & Davies, 2003)

(f) dark-matter collisions with red-giant cores (Dessert & Johnson,
2021)
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Novel scenario

We propose a novel scenario: ablation or “shaving off” of red giants
(their envelopes) in the jet—star interactions

red giant

loose, expanding atmosphere

modified giant

after several encounters

>
i O~
dense core Bow shock

Lo.Ro, To Jet L,R;, Ty

accretion dis
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Novel scenario

e We propose a novel scenario: ablation or “shaving off” of red
giants (their envelopes) in the jet—star interactions

e originally studied in the context of the production of high-energy
non-thermal radiation in jetted AGN (gamma-ray flares;
Bosch-Ramon, Perucho & Barkov, 2012)

Clouds and red giants interacting with the base of AGN jets
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ABSTRACT

ets are formed close to supermassive black-holes in the center of galaxies. Large amounts of gas. dust, and
galaxy nucleus, and interactions between this ambient material and the jet base should be frequent, having dynam-
ical as well as radiative consequences.

Aims. This work studies the dynamical interaction of an obstacle, a clump of matter or the atmosphere of an evolved star, with the
innermost region of an jet. Jet mass-loading and the high-energy outcome of this interaction are briefly discussed.
Methods. Relativistic hydrodynamical simulations with axial symmetry have been carricd out for homogencous and inhomogencous
obstacles inside a relativistic jet. These obstacles may represent a medium inhomogeneity or the disrupted atmosphere of a red giant

side the jet, an homogeneous obstacle expands and gets disrupted after few dynamical timescales, whereas in the in-
asolid core can smoothen the process, with the obstacle mass-loss dominated by a dense and narro

Conclusions. The presence of matter clumps or red
loading and slowing down. Fast flare-like gamm
interactions.

ants into the base of an extmg‘\luLhL jet m=1y implies signi
events, and some level of persistent cmission, are expected duc to these
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Novel scenario

e We propose a novel scenario: ablation or “shaving off” of red
giants (their envelopes) in the jet—star interactions

e originally studied in the context of the production of high-energy
non-thermal radiation in jetted AGN (gamma-ray flares;
Bosch-Ramon, Perucho & Barkov, 2012)

a)

" <

Shiocked obstacle

- 9
i Cloud
Bow shock Disrupted RG
Jet

Accretion disc
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Novel scenario

e We propose a novel scenario: ablation or “shaving off” of red
giants (their envelopes) in the jet—star interactions

e originally studied in the context of the production of high-energy
non-thermal radiation in jetted AGN (gamma-ray flares;
Bosch-Ramon, Perucho & Barkov, 2012)
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Novel scenario

e We propose a novel scenario: ablation or “shaving off” of red
giants (their envelopes) in the jet—star interactions

e originally studied in the context of the production of high-energy
non-thermal radiation in jetted AGN (gamma-ray emission via IC and
synchrotron in elliptical blazars; Torres-Alba & Bosch-Ramon, 2019)

Gamma rays from red giant wind bubbles entering the jets of
elliptical host blazars

Niria Torres-Alba and Valenti Bosch-Ramon

Departament de Fisica Quantica i Astrofi
Franqués 1, 08028 Barcelona, Spain
c-mail: ntorres@fqa. ub. edu

Institut de Ciéncies del Cosmos (ICC), Universitat de Barcelona (IEEC-UB), Marti i

Received 21 June 2018 / Accepted 29 January 2019

ABSTRACT

Context. Blazars in elliptical hosts have a population of red giants surrounding their jet. These stars can carry large wind-blown
bubbles into the jets, leading to gamma-ray emission through bubble-jet interactions.

Aims. We study the interaction dynamics and the gamma-ray emission produced when the bubbles formed by red giant winds penetrate
the jetof a blazar in an elliptical galaxy.

Methods. First, we characterized the masses and penetration rates of the red giant wind bubbles that enter the jet. Then, the dynamical
evolution of these bubbles under the jet impact was analysed analytically and numerically, and the radiation losses of the particles
accelerated in the interaction were characterised. Finally, the synchrotron and the inverse Compton contributions above ~100 MeV
were estimated under different jet magnetic fields, powers, and Lorentz factors.

Results. We find that an analytical dynamical model is a reasonable approximation for the red giant wind bubble-jet interaction.
‘The radiation produced by these wind bubbles interacting with a jet can have a duty cycle of up to ~1. For realistic magnetic fields,
gamma rays could be detectable from sources within the local universe, preferentially from those with high Lorentz factors (~ 10),
and this could be a relativly common phenomenon for these sources. For magnetic fields in equiparition wih the jet pover, and
h.g; rates, gamma rays may be d for modest Lorentz factors (~3), but with a much lower duty

yele.

Gonclusions. Blazarsin elliptical galaxies within the local universe can produce detectable transient or persistent gamma-ray emission
from red giant wind bubbles entering their jets.
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Model set-up

jet kinetic luminosity and duration based on ~-ray Fermi
bubbles/bipolar radio bubbles/X-ray chimneys (Su+2010;
Heywood+2019; Ponti+2019)

overall energy content of 10°° — 107 erg (Bland-Hawthorn+2019)

Guo & Mathews(2012) can reproduce the ~-ray Fermi bubbles 50°
north and south of the Galactic plane by an AGN jet duration of
0.1-0.5 Myr — L; ~ 1055 erg/(0.1 — 0.5 Myr) =

6.3 x 10*2 — 3.2 x 10*ergs™! < Lgqq ~ 5 x 10* ergs™!

jet active 4 + 1 Myr due to the higher accretion activity: infall of gas
cloud at least 10000 M, (Su & Finkbeiner 2012), potentially related
to the observed stellar disks!? (Ali+2020)

16



Model set-up

Image credit: David A. Aguilar (Harvard-Smithsonian Center for

Astrophysics)




eROSITA bubbles

The SRG/eROSITA all-sky X-ray map (0.3-2.3 keV)/MPE/IKI
P. Predehl et al. and the eROSITA collaboration, Nature, 2020
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eROSITA bubbles

The SRG/eROSITA all-sky X-ray map (0.6-1.0 keV)/MPE/IKI
P. Predehl et al. and the eROSITA collaboration, Nature, 2020



eROSITA and Fermi bubbles: comparison

~14kpc
EBs

~6kpc

The eROSITA/Fermi bubbles: schematic view
Credit: MPE
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Results

e stagnation radius profile as a function of distance and jet luminosity
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e jet-induced envelope removal (single passage)
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Results

e jet-induced envelope removal — effect of multiple passages
e cumulative mass loss comparable to star—disc collisions as well as

stellar-wind losses

AM ~ ncrossAMy
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e ablated red giants become warmer/ “bluer” T.p = To(Ro/Rap1)*/?

e ablated red giants become fainter in the NIR domain
Lav = Lo(Rab1/Ro)?/?
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e ablated red giants become warmer/ “bluer” T, = TO(RO/Rab1)1/2

e ablated red giants become fainter in the NIR domain
Labl = Lo(Rap1/Ro)3/

e alternated giants and supergiants could appear as Subdwarf B-type
stars (sdB) (new formation channel?)

e 1% hydrogen, mostly helium, small (0.15 — 0.25 R5) and hot
(20000-40000 K) — visible in the UV domain
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e a number of red giants crossing the jet per orbital period consistent
with the inferred number of missing bright red giants at 0.04 and 0.3

pc: 4-5 (Habibi+2019) and 100 (Gallego-Cano+2018), respectively
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Results - Demonstration on the surface stellar profiles

e we generated a mock nuclear stellar cluster with the initial
nrg = no(z/z9)~7 with v ~ 1.43 according to Gallego-Cano+2018

(4000 late-type stars in total)
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20 0 -5 -10 -15 -20

RA [arcsec]



N/arcsec?

- Demonstration on the

0 No jet

—— 16-18 mag

N 14-16 mag

N — 12-14 mag

| —— 10-12 mag
10°
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102 100 10

Projected radius [arcsec]

surface stellar profiles

N/arcsec?

1072

Jet with L; = 10*2ergs—!
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Results - Main conclusions

e in comparison with the no-jet scenario, the active Seyfert-like jet
flattens the surface profile of the brightest red giants (10-12
mag, intrinsic), starting within the inner arcsecond (0.04 pc)

e for the most luminous jet (10** ergs—!), the core-like profile extends
up to 0.4 pc for the brightest gianst

e fainter giants (> 14 mag, intrinsic) keep the cuspy profile within the
S cluster for all jet luminosities

e young OB stars are left intact because of their powerful winds

DEC [arcsec]

-20
20 15 10 5 0 -5 -10 -15 -20
RA [arcsec]
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Results - Unification scheme

e tidal disruption of red giants, jet-ablation, and star-disc collisions
coexisted likely simultaneously but on different spatial scales

red giant-main sequence star
collisions

jet-ablation domain

star-disc interaction domain
red giant-black hole (gravitationally unstable disc with Q<1)
collisions 3

7 ,"’
0

...... 30



Results - Implications for the current state of Sgr A*

Two comet-shaped sources —X3 and X7-at 0.8” and 3.4" from Sgr A*

— - -. — ‘ ‘? '225
SgrA* 4« : 500 km/s
0 . -+ . ¢ (19.5
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R.A. [ ] offset ‘rorr‘ Sqras

Interaction with the fast collimated nuclear outflow, Muzic et al., 2010
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Results - Implications for the current state of Sgr A*

e the closest bow-shock source X7 exhibits morphological changes as
it moves around Sgr A*

e gets progressively elongated and shows signs of envelope
disintegration; see Peissker, Ali, Zajacek et al. (2021) for details

e ablation by the low surface-brightness jet?!

2006 2008 2015/2016 2018
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Other candidate sources in the Nuclear Star Cluster

Central 24" x24" of the NSC in PAH1 filter (8.59 yum) (VISIROVLT);
Bhat et al. 2022 (submitted).

IRS 10W

:
)

5 arcsec 5 arcsec
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Other candidate sources in the Nuclear Star Cluster

IRS7: pulsating red supergiant (M1/M2), 5.5" north of Sgr A*
Prominent tail with a substracture

B ©

Left: 2cm radio image (Yusef-Zadeh & Melia, 1992); Right: MIR PAH1

smooth-subtracted image with proper-motion directions.
34



Other candidate sources in the Nuclear Star Cluster

IRS7: pulsating red supergiant (M1/M2), 5.5” north of Sgr A*
Prominent tail with a substracture — Kelvin-Helmholtz instability

Atail 147

~ ~ 111yr. 2
TKH Vshear \ﬁ v ( )

25antail Rt2ail

Tevap = T 8em

2
Ntail Riail

~ 4067 - , 3
(6 x 104 C1115> (0‘02 pc) v (3)

KH clumps can survive long enough: Tku < Teross < Tevap
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Other candidate sources in the Nuclear Star Cluster

IRS3: red giant/supergiant; brigtest and the largest stellar source in the
NSC
Big fat, puffed-up red giant: Riggs ~ 1”7 ~ 0.04pc ~ 2 x 10° R,

1"~8230 AU

Left: 226 GHz radio image (Yusef-Zadeh et al., 2017); Right: MIR
PAHL1 untreated image with a proper-motion direction.
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Other candidate sources in the Nuclear Star Cluster

IRS3: red giant/supergiant; brigtest and the largest stellar source in the
NSC
Big fat, puffed-up red giant: Riggs ~ 1”7 ~ 0.04pc ~ 2 x 10° R,

Left: 226 GHz radio image (Yusef-Zadeh et al., 2017); Right: MIR
PAHL1 untreated image with a proper-motion direction.
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Results - Paper Published by AplJ

arXiv:2009.14364; Michal Zajacek et al 2020 ApJ 903 140
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Abstract

Observations in the near-infrared domain showed the presence of the flat core of bright late-type stars inside
~0.5 pe from the Galactic center supermassive black hole (Sgr A”), while young massive OB /Wolf-Rayet stars
form a cusp. Several dynamical processes were proposed to explain this apparent paradox of the distribution of the
Galactic center stellar populations. Given the mounting evidence on the significantly increased activity of Sgr A*
during the past million years, we propose a scenario based on the interaction between the late-type giants and a
nuclear jet, whose past existence and energetics can be inferred from the presence of 4-ray Fermi bubbles and
bipolar radio bubbles. Extended, loose envelopes of red giant stars can be ablated by the jet with kinetic luminosity
in the range of L; ~ 10*'-10* erg s~ within the inner ~0.04 pc of Sgr A” (S-cluster region), which would lead to
their infrared luminosity decrease after several thousand jet-star interactions. The ablation of the atmospheres of
red giants is complemented by the process of tidal stripping that operates at distances of <1 mpc, and by the direct
mechanical interaction of stars with a clumpy disk at 20.04 pc, which can explain the flat density profile of bright
late-type stars inside the inner half parsec from Sgr A™.

Unified Astronomy Thesaurus concepts: Galactic center (565); Red giant stars (1372); Red supergiant stars (1375);
Rel jets (1390); Stellar dynamics (1596)
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