Badly behaved infants:
The first 10 Myr

Darryl Sergison

[llustration: ESO/L. Calcada
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*  Brief outline of star-formation
* |ntroduction to young stars/YSOs
*  Why are young stars so interesting

observationally?

Darryl Sergison - The first 10 Myr - BAA - April 2014
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- My beginnings in Astronomy. .
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- Some lightcurves” =~ .. .

121 Hermione

GJ436b exoplanet transit

others Observatory, UK

Absolute Magnitude [1,1,0)

Transit duration = 522 min

Phase [Period = 5.551 +/-0.0005 hr, T=)D 2455157.9843)
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Glant molecular clouds - stars and shocks
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" Image: ESQ/J. Emerson/VISTA o, " -Darryl Sefgison - The first 10 Myr - BAA - April 2014.
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Giant molecular clouds - cold dust ~
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Image: ESA
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- The collapse..

Dimensions: 82496. AU  Wilhout Radialive Feedback Time: 196935. yr Dimensions: 82496. AU With Radiative Feedback Time: 196935. yr
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Log Calumn Density [g/em’] Log Calumn Density [g/em®] Matthew Batogy
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- YSOs:

classification

Classification after Lada 1987.

10
A (um)

Class Il

10

A (#m)

Class Il

Stellar black body

—~

Protoplanetary disk?

Debris + planets?
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. Class | observations: -~ - & . ©
a star forming core el
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- Class lI: Classical T-
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Tauri stars

lllustration: ESO/L. Calcada | i Darryl Sergison - The first 10 Myr - BAA - April 2014
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Strong and vari'a_bl

e emission lines .. -

Amateur HX spectra of RY
Tau by C.Buil and
S.Charbonnel
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. Mid-IR excess .~ e e
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Spitzer/IRAC |

Gustafsson et al. 2008 Megeath et al. 2012
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The Dynamic HH 30 Disk and Jet
Hubble Space Telescope « WFPC2

NASA and A. Watson (Instituto de Astronomia, UNAM, Mexico) * STScl-PRC00-32b Darry| Sergison = Myr naar April e
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How do we explain these
unusual observed properties!?
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Anatomy of a Classmal TTau Star
(<2Mo)

ALMA

Direct imaging (HST or 8-meter ground-based)

Near-IR interferometry
-

Mid-IR interferometry
-

Magnetospheric
accretion

Ill[H | Outer disk
3 Pure gas disk ¢ llll” “|[|| I 1 (mass reservoir)

UV continuum,
H-recombination lines

Near-IR continuum

(origin unclear so far)

+ atomic lines (Br-y) + molecular lines + molecular rot-lines
+ occasional molecular (H,0, CO,,

lines (H,0, CO, OH)

Meredith MacGregor Darryl Sergison - The first 10 Myr - BAA - April 2014




Anatomy of a Classmal TTau Star
(< 2 M@) R :
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lllustration: ESO/L. Calcada Darryl Sergison - The first 10 Myr - BAA - April 2014



. Sources of variablity:
Accretion flows
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lllustration: Kurosawa et al. 2013 Darryl Sergison - The first 10 Myr - BAA - April 2014



. Accretion hotspots: . ¢

Radial magnetic field Azimuthal magnetic field
0.50 0.50
\ ! V)

Surface brightness Excess Ca emission
0.50 0.50
\ ! V)

Donati etI. 201 |

relative Hux

\WH‘M—“\L

~8,000K black body plus Wi

2.0x10°  4.0x10° 6.0x10° 8.0x10° 1.0x10* 1.2x10*

optically thin Balmer st
. Da Rio et al. 2009
continuum
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. ~Variability from obscuration
by circumstellar material

Bouvier et al. 1999

Alencar et al. 2010
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o _:-Many ' mechanisms at play,.;,

[Shockinstabilities] [ Reflection ]

[ Hot-spots ]

Variability in Inner disc : .
[ accretion rate inflation ]_[ Shadowing of disc ]
Accretion

[‘ Lumpy' flows

T-Tauri variability

Magnetic
flares
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. Spots, debris and planets"":i

Fomalhaut System

Hubble Space Telescope « STIS
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NASA and ESA

5TScl-PRC1301a
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. ,Di,ssipation of the disc = . -

Credit: Seung-Hoon, Nayakshin 201 | Darryl Sergison - The first 10 Myr - BAA - April 2014



You might think we've got
YSOs all figured out.

But...




‘Observing Orion W, o
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Image: K®. Luhman, G. Schn { Young, . N e
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- Variability: spots? .. e

CMD for star 058

Col-col plot for star 058
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. Variability: accretion? -« . T

Col-col plot for star 153
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- Variability: answers on a postcard..

CMD for star 010

Time (days)

09101.112131415
g-i
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- FU Oirri stars:
YSOs in

outburst
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Time (Years)

Hartmann and Kenyon. 1996
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- Why observe YSOs as an amateur?

* [-Tauri stars are variable on timescales from
minutes to thousands(probably!) of years

* They are bright, rich and variable in

broadband photometry and spectral features
from UV to mid-IR

* There is always something interesting
happening to observe!
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" If you want to do science

* Long term photometric monitoring (in as many
different bands as possible) contributed to AAVSO
archives are really VERY useful.

* Individuals/small groups monitoring spectral
behaviour of stars is useful to catch ‘unusual events’.
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DN Tau Event 2012-12-09 UT 20:28 - 21:21
88 x 20 sec exposure Star Analyser spectra

DN Tau 2012-12-09
blue 20 -;UJ U7
pink

Robin Leadbeater

Time series of low
resolution star analyzer
spectra

Accretion/flaring outburst
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individual 20 sec exposure DN Tau spectra at start of run and at maximum.
(Background subtracted raw counts — not instrument/atmospheric corrected)
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DN Tau Event 2012-12-09

DN Tau raw count ratio (4000-6000A)/(6700-7500A)
normalised relative to mean ratio 2012-12-11
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I conclusion . F ST
* Young stars are interesting and dynamic objects
which seem to love to surprise and confound
theory!

*  Offer lots of interesting observing for amateurs
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