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Overview
✤

Evolutionary phases of star formation

✤

Age determinations: W48A Hii region

✤

Methanol masers as a tracer of a precise evolutionary phase?

✤

Accepted Effelsberg proposal: do all methanol masers pinpoint
objects with already formed stars?

Phases of low-mass star formation
cloud

Class 0

Class II

✤

From observations of nearby (100-400 pc)
Gould Belt clouds in mm, submm, IR, near
infrared

✤

Rough idea of lifetimes of each phase

✤

Evolution of low mass stars, disks,
acceleration/deceleration of star formation,
causal relations with surrounding etc. etc.

prestellar core

Class I

Class III
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High-mass star formation (> 8Msun)
cloud
✤

Many open questions

✤

Form deeply embedded, few, far away (>kpc)

✤

Difficult to observe (resolution, sensitivity)

✤

✤

Rough age of final star few Myr, so all stages
must have short ( < Myr) lifetimes. UC Hii
regions have ages of 105yr (Wood & Churchwell
1989, Motte+ 2007).
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hot molecular core
embedded
outflows
accretion disk?
comp. accretion?

Multiplicity?

Age estimation through models (mass,
luminosity), statistics (counting), and chemistry
HC Hii region

UC Hii region

W48A: Age gradient real?
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Age estimations in W48A
✤

✤

from SED (Menv, Lbol) compared to
model prediction (Molinari+ 2008)
using chemistry and kinematics:
masers, [CH3CN]/[NH3], CO outflows
436 K. L. J. Rygl et al.
properties of clump H-3, which overlaps with Pillai et al. (2011)
NH3 core no. 3, are in agreement with the rotational temperatures
and NH3 column densities derived by those authors. The CH3 CN
rotational temperatures were higher than the NH3 temperatures,
which is expected since CH3 CN traces warm regions near the YSO,
while NH3 (1,1) and (2,2) trace colder gas. The NH3 analysis of
core H-2a yielded similar numbers as for clump H-2, except that
for the NH3 (1,1) line we did not detect the 45.6 km s−1 component
due a higher noise in the core spectrum. Similarly, core H-3a and
b have similar NH3 properties as clump H-3. The local standard
of rest (LSR) velocities of the NH3 towards the cores H-2a, H-3a
and H-3b match well with the CH3 CN velocities, indicating that
Mstar
both molecules trace
material with a similar kinematic signature,
Lit
belonging to the(Msun)
same object.
While the NH3 (1,1) line width is an intrinsic line width (since
we fitted the hyperfine structure of the transition), the NH3 (2,2)
width
is not: it is an overestimate of the intrinsic line width. For
~105 yr both NH
3 and CH
3 CN, the line widths are dominated by the non18-28
(W&C 1989)thermal line width, since thermal line widths for NH3 are of the
order of 0.2–0.3 km s−1 for temperatures of 20–30 K. For all cores,
~<105 yr the NH3 (1,1) and (2,2) line widths were both much broader than
−1
8-13.5
(Walsh 1989)those of CH3 CN (∼1–1.2 km s ). Possibly, the CH3 CN emission
emanates from a smaller area near the YSO, while the NH3 emission
comes from a larger volume containing more turbulence in the
5x104 yr (Cazeauxsurrounding
2003), medium by possible discs and outflows (see the outflow
13.5-18
clump H-3 in Section 3.5).
6x104 yr (Charnleyin 1992)

✤

Indicative age gradient found, though
uncertainties are large

✤

Objects similar mass: evolutionary
gradient most likely age gradient
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Figure 8. Top panel: 70 µm PACS grey-scale map centred on clump H-3
with the JCMT CO (3–2) outflow (blue, red) and the CH3 CN cores (white)
overlaid in contours. CO contour levels are 20, 30, 40 and 50 K km s−1 for
both blueshifted and redshifted material. BIMA CH3 CN contour levels are
0.06, 0.08, 0.10 and 0.12 Jy beam−1 km s−1 . Beam sizes of the CO (3–2)
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Origin of this age gradient?

Sequential star formation near W 4

✤

W48A: not triggered, age spread
too small

✤

Large scale: evolutionary
estimations of W48 Hii regions
from compactness 21 cm emission

OLD

YOUNG
IRAS 18586

W48 formed by Aquila supershell
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Figure 1. Herschel 70 µm map of the W 48 H II regions. The field of view (FOV) of the BIMA observations is indicated. The orientation
Table 5. 21 cm emission properties of the W 48 H II regions.
would ex
coordinates is shown in the bottom-left corner.
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✤

W48D

6.7 GHz methanol masers (class II) might be an
excellent timer

✤

lifetime short enough ~4x104yr (van der Walt 2004)
with respect to the lifetimes of HC and UC Hii
regions (105 - 104 yr)

✤

Bright, many known sources (Pestalozzi+ 2005,
Green+ 2012, and more)

✤

Exclusive tracers of high-mass forming objects
(Breen+ 2013)

✤

mostly pumped by IR radiation from warm dust
(Sobolev & Deguchi 1994) > forming star or star
inside

Cragg+ 2005

✤

Brightness temperature

2005MNRAS.360..533C

Methanol as a tracer

What phase traced by 6.7 GHz
masers?
✤

Up to know, 6.7 GHz excited before or in early stage of UC Hii region phase (Walsh+
1998) due to few detections of radio cont. toward masing sources

✤

New JVLA data (Hu in prep.) for BeSSeL observation show a high percentage (37%) of
continuum (free-free) using 20s snapshots (3σ 0.15 mJy/beam)

✤

Do all 6.7 GHz masing sources
contain weak free-free emission?
Do they all contain an embedded
high-mass star?

diameter 5”
Bartkiewics et al 2009, no continuum emission
Hu in prep, 0.25 mJy/beam detection

Detecting the first light of highmass stars

✤

✤

Investigate 8 young 6.7 GHz
methanol masing sources at 2.8
and 0.9 cm to detect radio
continuum and measure the slope
Targets: masers with no
continuum, which are young based
on Herschel colors
Effelsberg observations expected to
be done this winter/spring :)
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Summary
✤

Age estimations are important for understanding star formation, and
the relation of the star-forming object with the environment

✤

Various methods exist to estimate ages, all with their own
uncertainties

✤

We are exploring the usage of 6.7 GHz methanol masers to trace the
earliest stellar stages by trying to detect continuum emission toward
young masing objects with the Effelsberg telescope
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