Masers as a Swiss army knife

in high-mass star formation

SARAO, Hartebeesthoek

Dr SP van den Heever

fanie.vandenheever@nwu.ac.za
Centre for Space Research
Faculty of Natural and Agricultural Science
North West University, Potchefstroom campus, South Africa

November 11, 2024

W
NWU*

Masers as a Swiss army knife

November 8,



@ Introduction
@ Basics of what produces the radiation we SEE
@® Where methanol masers fits in

@ OLD and NEW maser discoveries

SARAO, Hartebeesthoek Masers as a Swiss army knife November 8,



Introduc
0000

@ Introduction

N}

w
w

as a Swiss army knife




Introduction
00000

Background and Motivation

¢ We have to understand the basics of

Source of Radiation

Source of Absorption

Source of Emission

But first a few Amazing pictures of what we look at.
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@ Basics of what produces the radiation we SEE
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Atoms, Molecules and Dust

* Simplest atom Hydrogen with 1 proton and 1 electron

Electron
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Atoms, Molecules and Dust

¢ Typical molecules form in the vicinity of High-mass star forming regions
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Atoms, Molecules and Dust

¢ Extremely small solidified particles made from heavy Metals and Silicates.
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Source of Radiation

¢ All objects radiate, and it all depends on its Temperature, Black body spectrum.

Ultraviolet Visible Infrared
-

@ A maximum

Radiation intensity

Wavelength A (m)
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Basics of what produces the radiation we SEE
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Source of Radiation

* Bremsstralung (Free-free emission), Top

& Continuous spectrum
T

" Absorplion specirum

Emission specirum
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Source of Absorption

* Line radiation (Spectroscopic absorption), Middle

Continuous spectrum

Absorption spectrum

Emission specirum
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Source of Absorption
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* Line radiation (Spectroscopic emission), Bottom
E,/eV

uv UV-Vis IR IR IR
T : Y —
[T YVVY
Hl Brackett
Paschen
Balmer

E,(eV)=13.6/n’

% (nm) = 1240.7 / AE,

Lyman

artebeesthoek

0
0.54 Continuous spectrum

Absorption specirum

Emission specirum

Masers as a Swiss army knife November 8, 2024 15/ 37



e methanol ma

000

@® Where methanol masers fits in

Masers as a Swiss army knife 16 /37



Where methanol masers fits in
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High mass star formation and masers
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Where methanol masers fits in
feelel ]

Pumping and Rate equations
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OLD and NEW maser discoveries
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OH IR stars

¢ Although not classified as high-mass stars, they possibly were..

Spectra of the 1612 MHz hydroxyl maser Brightness variation in the 1 61 2-MHz hydroxyl maser
from an OH/IR star of an OH/IR star
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Mexican wave

Development of & llare in the leit peak of
A &668-MHz methene] masar during 1895
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Periodic masers
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Periodic masers
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Periodic masers — Colliding wind binary hypothesis
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Maser flares — G351.42 (Kitty)
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Maser flares — G323.46
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Figure 1. Sclected spectra of the 6.7 GHz methanol masers associated with
G323.46—0.08, observation taken on: 2015 September 24 (solid red line) and
2017 February 28. The vertical (dotted) lines, at —68.5 and —66.0kms~",
represent the velocity range in which 6.7 GHz methanol masers, with Speak
= 15.2Jy, were previously reported by Green et al. (2012a).
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Maser flares — G323.46 (periodicity after the flare
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Maser flares — G323.46 (periodicity after the flare
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Maser flares — G358.93 (possible accretion burst)
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Maser flares — G358.93 (possible accretion burst)
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Maser flares — G358.93 (possible accretion burst)
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Maser flares — G358.93 (possible accretion burst)
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Maser flares — G358.93 (possible accretion burst)
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Maser flares — G024.33 (possible 3000 day period)
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Maser flares — G024.33 (possible 3000 day period)
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Thanks for Listening
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