Recent developments on the formation and

evolution of young low-mass stars
Rob Jeffries Keele University, UK

Observations of young clusters that probe:

The influence of magnetic activity and rotation on early evolution
The ages of young (low-mass) stars

Precision dynamics in young clusters

Early Gaia DR2 results
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Improvements in stellar evolutionary models at young ages
Better match to observed colour-magnitude diagrams
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CMD: Still BIG problems for K & M stars at the ZAMS
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HR diagram: Ages of hotter stars older than those of cooler stars?
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Problems with stellar evolution models
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More problems: Fundamental Parameters

Low-mass PMS eclipsing binaries appear colder than predicted by the
models (i.e. larger at the same mass and luminosity)
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A[Li] / dex

More problems: Lithium depletion
A spread of lithium depletion is apparent in young clusters

Fast rotation is correlated with less Li depletion
Rotation rate
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EW Li (mA)
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Magnetic fields/starspots can cause “inflation” of an active (young) star.

Inhibition of convection

Feiden & Chaboyer 2013, 2014
Feiden 2016

Macdonald & Mullan 2014, 2015, 2017

Starspots

Somers & Pinsonneault 2014, 2015

Jackson & Jeffries 2014

Slows down PMS evolution.
Radii are larger, cores are cooler for a given mass/age.
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Eclipsing binary in Upper Sco - problem solved?
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Direct evidence for magnetic fields and spots
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Direct evidence for radius inflation Rsini = 0.02 P X vsini
Rotation velocities from WIYN/Hydra

Mass M/Mg

1.25 [

Ratio of radius to
Model radius 120 11\:

| | | [ |
05 0.4 03

Pleiades age ~120 MYr
model [Fe/H]=0

]
R

', Combined |
a. ' effects i i
Q“ 1.15 1 1
14+2% £ -

° 4]

Inflation =

@ 1.10

o
1.05 A i ;
Models: s : :
Feiden+ 2015 csss...18..171F — — 7 Flux blocking

Somers+ 2015 ApJ...807..174S
1.00 T

by starspots §=0.16

-0.7 -1.2 1.7 2.2

log L/Lg

Jackson+ 2018, MN, 476, 3245
See also Jackson+ 2016; Lanzafame+ 2017; Kesseli+ 2018

2.7

- N|V4!I4

Rotation periods from K2;

12

18

14

=
M/fo

015



SED fitting in young clusters
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Ages and formation of young stellar clusters

- - HR diagram implies large age spread
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Resolving Cluster Age Distributions _,
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p Ophiuchus: 1 Myr - Partly embedded in parental gas
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Gaia DR2
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Gaia DR2 2D Cluster

kKinematics - pm vector diagrams

= — ONC _|zozikms © - NGC6530 g:05ks
S - !{t\z/ <+ -
o |-052 | N 7 &4 15
_° Lo, / _ NS Kuhn et al. 2018
= | P =3 | .
=3 ‘\ # i A - = arXiv 1807.0211
2 dosap A ky -
! — - ;LEC& _— —2430 ¢
Y
_ l" N \ < -
# - 053600 35'20 34'40 cﬁ) 7] 18
| | | ] | ] | | | | | | ]
-1.5 -05 00 05 10 15 -6 -4 -2 0 2 4 6
x [pe] x [pc]
14} \ Evidence for expansion in some, but not all,
" A Ori [ young clusters
Dec ., iy
=) [ \ S

Kounkel et al. 2018

arXiv 1805.04649

Some non-expanding clusters may be bound
- e.g. the ONC, NGC2362. Rapidly expanding
clusters appear unbound -e.g. A Ori, NGC
6530.

8¢ 82
rRa (v2000) RA

80



Galactic Latitude

Wright & Mamajek 2018, MN, 476, 381 Kuhn et al. 2018 arXiv 1807.0211
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Recent developments on the formation
and evolution of young low-mass stars

Summary

Evidence that low-mass evolutionary models fail for
PMS stars

Magnetic activity/spots may inflate stars leading
them to be older and colder than you thought

Young clusters may have age gradients (multiple
populations?), but any merging happens early-on

Gaia will revolutionise this field - but maximum
leverage comes with combined spectroscopy
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