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High Mass Star Formation
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Low Mass Star Formation
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Hot Core Phase
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Disks in Massive Star Formation
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Disks in Massive Star Formation

CO emission
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Disks in Massive Star Formation

-ve temperature gradient outward
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Absorption Spectroscopy

Gibb et al. (2004)
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Spectrum of
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Atoms in the cooler atmosphere are excited,

pip— absorbing photons of certain energies.

These transitions appear as dark absorption lines.

Dark absoprtion lines




Absorption Spectroscopy

0.3t AFGL 2136 0.3t AFGL 2591
(zoomed) 0.2 (zoomed)

Monnier et al.
(2009)

0.30.20.10.0-0.1-0.2-0.3 0.30.20.1 0.0-0.1-0.2-0.3

0.010 0.032 0.10 0.32 1.0
B Relative Intensity

10




Ro-vibrational Spectra




Ro-vibrational Spectra
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Observations

e Full spectral survey of 4.5-13 pum region at R=50,000 (6kms-!)

® 2 Hot cores AFGL 2591 and AFGL 2136

“ 45-52 pm - iISHELL/IRTF
“+ 6.7 -8.0 um - EXES/SOFIA
<+ 8.0-13.3 um - TEXES on GEMINI & IRTF

“* 3 um - iSHELL/IRTF




Results:
AFGL 2591

Rotation Diagrams AFGL 2591

In(NI/gl)
Normalised Intensity

500 1000 1500 2000 2500
Lower State Energy, E;/kg (K)

-10 0 10

Visr (kms~™!)  Barr et al. (2020)

14



In(NI/gl)

Rotation Diagrams AFGL 2136

500 1000 1500
Lower State Energy, E;/kg (K)

2000

Results:
AFGL 2136

2500

CZHZ W

C2H2 (l)4 + v )0 = V‘}

CoHy (v +vs)? — V}E

I
I
C2H2 2V5'—l)5 : i
I 1
C2H2 Vs : !
|
I 1
I 1
I
I
1
I
I
]

N

o

|
N

Normalised Intensity

20 25 30 35 40 45

Visr (kms™')  Barr et al. (2020)

15



Circumstellar Disk

AFGL 2136 with ALMA ; ang res = 20x15 mas
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Relative Intensity
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Circumstellar Disk

Continuum - 25.12mJy free-free
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Circumstellar Disk
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Circumstellar Disk

® We propose this scenario for both AFGL 2136 and AFGL 2591

® In AFGL 2591 size of absorbing region constrained to < 130
AU (Barr et al. 2018)

® Gieser et al. (2019) confirmed this with temperature modelling
of CH3CN suggesting a radius of 50 AU from the star

Ve
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Viscously Heated Accretion
Disk

Inner hot disk free

of HCN/C2H:2 A clump in the disk at about 50 AU
has abundant HCN, CS, C2H>2, and

_ NH3 and produces the absorption
Responsible for 3 yum HCN

bands at MIR wavelengths
and C2H2 emission

In AFGL 2591

Mid-plane accretion
causing viscous heating

Turbulent transport
resulting in mixing to upper layers

Barr et al. (2020)




Viscously Heated Accretion

Disk
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Viscously Heated Accretion
Disk
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Viscously Heated Accretion
Disk

AFGL 2136 C2H2 Vs AFGL 2591 C2H2 Vs
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Abundance Calculation




Abundance Gradients

Blue - LTE model
Red - Fit to data
T=670K N =2.4e17 cm-2
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Abundance Gradients

e 1) The size of the continuum gets larger with wavelength

e ?2) The temperature of the gas plays a role in the
chemistry therefore if the temperature 1s not high enough

no HCN/C>H» will be formed

e 3) Non HCN/C;H> containing parts of the disk will not
contribute to the absorption line, but will contribute to
the continuum emission - there 1s a trade off between the P

two ‘_F&

> %
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undance Gradients

Bast et al. (2013)
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Mid-plane accretion
causing viscous heating

Turbulent transport
resulting in mixing to upper layers

A clump in the disk at about 50 AU
has abundant HCN, CS, C2Hz, and
NH3 and produces the absorption
bands at MIR wavelengths




Chemical Models - Herbig Stars

Herbig Ae/Be

dust temperature (K)

Herbig Ae/Be

gas temperature (K)

10°
Agundez et al. (2018)
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Chemical Models - Herbig Stars

Herbig Ae/Be
HCN

AFGL 2591 AFGL 2136

T (K) 671 +/- 118 592 +/- 21

Herbig Ae/Be
0.8 | gas temperature (K)

Xu(HCN) (x10-5) X FYART: 1.6 +/- 0.8

31



Chemical Models - Herbig Stars

Herbig Ae/Be
CyH,

AFGL 2591 AFGL 2136

H 2301 03 2AI1R[3J dULRPUNQe

T (K) 598 +/- 51 618 +/- 176

Herbig Ae/Be

0.8 | gas temperature (K)

N (ODNCSR] 1.8 +/10.2 7.0 +/- 0.8
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Chemical Models - Herbig Stars

Herbig Ae/Be
cS

AFGL 2591 AFGL 2136

H 2101 0] 9AIIR|24 ddUepUNge

T (K) 713 +/- 59 418 +/- 23

Herbig Ae/Be
0.8 | gas temperature (K)

Xu(HCN) (x10-6) IEREYALK:! 1.2 +/- 0.1
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Chemical Models - Herbig Stars

Herbig Ae/Be
HCN

Inner hot disk free
of HCN/C2H2

yulent transport
mixing to upper layers
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A clump in the disk at about 50 AU
has abundant HCN, CS, C2H2, and
NH3 and produces the absorption
bands at MIR wavelengths




mission Lines in L.-band

AFGL 2591 HCN Emission
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Other Hot Cores

Absorption lines seen towards other luminous hot cores
(>10° Le)

NGC 7538 IRS1, MonR2 IRS 3, W3 IRSS, Orion IRc2

These may be characteristic of O-type stellar disks in most early
embedded phase where UV flux from star cannot irradiate disk

Orion IRc2 shows OPR<3 for C>H»

w
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Conclusions

N/
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Absorption lines in the MIR are a further signpost of disk accretion
towards embedded high mass protostars

OPR< 3 1s evidence for a disk photosphere

Hot corinos may also reveal MIR absorption lines which would
suggest the presence of actively accreting embedded disks

Similarity in chemistry implies that the formation of massive stars
may well be a scaled up version of low mass star formation

Lower detection rate of H>O and simple organics in Herbig disks 1s
likely an observational effect not a chemical effect

-—_—
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ames Webb Space 'lelescope

e SOFIA can guide JWST/MIRI observations which will lack
high spectral resolution

o JWST can clarity whether the MIR spectrum of hot corinos
has absorption lines

w
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Conclusions

R/
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R/
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Absorption lines are known to be associated with disks

These imply the presence of a viscously heated accretion disk

Line profiles and high temperatures of absorption lines imply that the
absorption arises in clumps in the disk

Using stellar atmosphere theory we derive abundances of the detected
species w.r.t H, which are high (10%)

Temperatures and abundances are consistent with chemical models of
TTauri and Herbig disks of the inner 1 or 5 AU respectively

There is evidence for abundance gradients of HCN and C2oHa»
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