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Recap Stellar Populations and Initial Mass Function

Pre-MS Evolution

Stellar Populations

We distinguish stars by location (in our galaxy)
@ halo stars
o thick disk stars
@ thin disk stars
@ bulge stars
and by formation time/composition
@ Population I: modern stars the form today, like the sun
@ Population II: old stars, in halo, low metalicity

@ Population Ill: the first generation of primordial stars
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Pre-MS Evolution

Summary: IMF, Jeans Mass

@ birth function and initial mass function (Salpeter 1955)
q)(M) o M72.35 , S(M) x M71.35

@ Jeans Mass:
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Pre-MS Evolution

A Fully Convective Star

@ consider fully convective star

@ temperature gradient is very close to adiabatic temperature
gradient hence we can describe the star by a polytrope with
adiabatic index n given by:

1
n= () . P=Kp™ = Kpts
Yad — 1

@ The constant K is given by (Lane-Emden M-R relation)

47 Rn—3
K"'=C,G"M"*R>~", (C,= —— ”n_l
(n+1)" M~

where again R,, M,, come from the (tabulated) solution of the
Lane-Emden equation.
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Hayashi Zone

@ One free parameter: outer boundary, radius of star R,

“photosphere”
@ assume hydrostatic equilibrium and integrating outward:
P GM L, GM[*
dr © PRz TRT R [ P

@ Assume temperature is given by the luminosity of the star,
L = 47R?s T2, the optical depth of the surface is of order
unity, and opacity is given by k = kop® T?, we have

oo o (o9}
1 R'J/ Kkpdr = R/ pdr ~ nop(R)"Tebff/ pdr
R R R
@ eliminating the integral we obtain
GM 1
R= 535 7 5vash
R2ko p(R)2TE,
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Pre-MS Evolution

Hayashi Zone

Combined with the EOS for the ideal gas, Pk = RpT /i we have a
set of of four equations

logPr = logM —2log R — alogp(R) — blog Tes + const.
nlogPr = (n—1)logM + (3 —n)log R+ (n+ 1)log p(R) + const.
log PR = logp(R) + log Tefr + const.
logLl = 2log R+ 4log Tesr + const.
This gives

log L = Alog Tefs + Blog M + const. |
(7T—n)(a+1)—4—a+0b B (n—1)(a+1)+1
05B3—n)(a+1)—1 053 —n)(a+1)—1
or, for a =1 (reasonable assumption)

9—-2n+b 2n—1
Azi B:
2—n ’ 2—n

A=
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Interpretation of the Hayashi Zone

@ dynamic stability: n < 3
therefore 1.5 <n<3
e for b =4, n = 1.5 (ideal mono-atomic gas)
we have A = 20!
= almost vertical lines
= tracks for different stellar masses lie very closely together
= this region of the HRD is called Hayashi zone/line
o for fully convective star 4 = 734

~ > ~ad would require super-adiabatic star
“forbidden” regime right of the Hayashi line
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Overview

© Pre-MS Evolution
@ Pre-MS Lifetimes
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Pre-MS Evolution Pre-MS Lifetimes

pre-Main Sequence Evolution

@ assume cloud contracts on free fall time scale at first

1
e
and releases gravitational energy of a« GM? /R during
contraction.
@ at first, this is used up to dissociate Hy and ionize the
hydrogen and helium.
@ assume dissociation and ionization potentials xp, = 4.5¢€V,
xH = 13.6€V, and yye = 796V, then we have

LWNM i _|_X _|_Z
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pre-Main Sequence Evolution

e Using Y ~1— X (Z~0.02), a =~ 0.5 we have
R0 M
Ro 1-0.2X Mg,

@ using the virial theorem and X ~ 0.7 we get an average
temperature of the star of

op GMmy

T =
3k R

~ 6x10% K
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pre-Main Sequence Evolution

After starting off on the Hayashi line convection recedes inside
the star

the continues to contract and heat up

eventually nuclear burning is ignited

this halts further contraction

the star reaches hydrostatic and thermal equilibrium
this defines the Zero-Age Main Sequence (ZAMS)
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pre-Main Sequence Evolution
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T Tauri outflows

DG Tau B

200 AU
—_—

Haro 6-58

2 ™
Disks around Young Stars HST « WFPC2

PRC99-05b - STScl OPO
C. Burrows and J. Krist (STScl), K. Stapelfeldt (JPL) and NASA
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Star formation and disks

Protoplanetary Disks HST - WFPC2
Orion Nebula

PRC95-45b - ST Scl OPO - November 20, 1995
M. J. McCaughrean (MPIA), C. R. O’Dell (Rice University), NASA
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Core Helium Ignition
Low-Mass and Intermediate-Mass Stars

Overview

© Low-Mass and Intermediate-Mass Stars
@ Core Helium Ignition
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Core Helium Ignition

Low-Mass and Intermediate-Mass Stars

Fates of Intermediate and Massive Stars

NOTE

@ exact mass ranges depend
on uncertainties in stellar
physics (mixing, mass loss,
nuclear cross sections, etc.)

@ they also depend on
metallicity and on initial
rotation rate of star
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Low-Mass and Intermediate-Mass Stars

The Red Giant Phase

@ After end of central hydrogen burning massive stars contract
and ignite helium and later burning stages till they build up an
iron core. That core eventually collapse sand a supernova
results while a neutron star or black hole is left behind.

@ Stars of lower mass eventually become degenerate and
contraction is halted. They end their evolution before the
nuclei are fused all the way to iron. The result are white dwarf
stars - made of Ne+O+Mg or C+0.

© In the lightest stars even helium becomes degenerate before
helium burning is ignited.
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Low-Mass and Intermediate-Mass Stars

The Schonberg-Chandrasekhar Limit

@ Low mass stars have a radiative core.

@ hydrogen first depletes in the center, then increasingly further
out

@ this leads to the gradual build-up of a non-degenerate helium
core of increasing mass.

@ a critical limit exists above which this core no longer can

sustain the pressure against the overlaying envelope layers, the
The Schonberg-Chandrasekhar Limit.
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Low-Mass and Intermediate-Mass Stars

Derivation of the Schonberg-Chandrasekhar Limit (1)

@ Assume a core of mass M, radius R, volume V., mean
molecular weight u., temperature T, surface pressure P at
its outer boundary

@ The partial virial theorem then is

a GM2

Ve
PdV = PV, + =
/0 S C+3 RC

o for an ideal gas this becomes

Ve Ve Ve
/ PdV—/ RTp gy - RT°/ pdV = ETCMC
0 0 1% He Jo c

o Using V. = R we obtain

,D(R)_iRTcl\/IC_%MiC2
Y 4n ope R3O 4m RA
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Low-Mass and Intermediate-Mass Stars

Derivation of the Schonberg-Chandrasekhar Limit (11)

@ in the limit of Ps = 0 we have a radius of

@ a maximum pressure can be derived from dPs/dR. =0

R — 4aG Mcpc
17 9rR T.

o for a core radius R. < Ry the core would collapse under its
own gravity = helium ignition

@ for a core radius R. > Ry, Ps is smaller than its maximum,
'Ds,max

TS Cr R+ 37

Ps,maxzclma 1—@@
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