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Star formation

Image credit: Matthew Bate (Exeter)

Where did the Sun come from?




Credit: S. Beckwith, Hubble Heritage Team, ESA, NASA

What kind of stars are in this galaxy?

Spiral Galaxy M74
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NGC1232 (Credit: ESO/VLT)

Blackbody spectrum (c.f. Lecture 2)
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é‘ Wien’s displacement law

+ Peak of blackbody spectrum can be
related to temperature of body
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b= const = 2.9 x 10°nm K

Power density (10'3 watts/m3)
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What is the effective temperature of the Sun?

Hint: yellow = 580nm Amazl = b
b= const = 2.9 x 10°nm K




Temperature of the Sun (roughly)

Jj 8,000K
10,000K

B 3,000K

l 5,000k *

L = 47t R?cT*  for a spherical blackbody

o = Stefan-Boltzmann constant = 5.67 x 10° erg cm= K* s

Luminosity strongly dependent on T (and R)




Stellar spectral types (Harvard spectral classification)

oo AT tempeaue (s Padu
O blue > 30,000 K > 16 > 6.6
B blue white  10,000-30,000K 2-16 1.8-6.6
A white 7,500K-10,000K 1.4-2 1.4-1.8
F yellow-white  6,000-7,500K 1.04-14 1.15-14
G yellow 5,200-6,000K 0.8-1.04 0.96-1.15
K orange 3,700-5,200K 0.45-0.8 0.7-0.96
M red 2,400-3,700K  0.08-0.45 <0.7
L red brown 1,300-2,400K 0.005-0.08 0.08-0.15
T brown 500-1,300K 0.001-0.07 0.08-0.14
Y dark brown < 500K 0.0005-0.02 0.08-0.14
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M83 “the southern pinwhee




Lifetime of the Sun

B 10 Myr

10 Gyr

B 100 Myr

B 100 Gyr




Luminosity-mass relation

Mass-Luminosity Relation for Main Sequence Stars
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Mass (solar masses)

blatantly nicked from Nick Strobel's Astronomy Notes: www.astronomynotes.com

Lifetime of a 10 solar mass star

- Assume available energy proportional to mass

« Luminosity = Energy consumption rate = dE/dt

Lifetime t = E/(dE/dt)

Work out the relative lifetime compared to the Sun




Lifetime of a 10 solar mass (B-type) star

I 300 Myr

10 Gyr

30 Myr *

R Myr

Orbital period of the Sun around the Milky Way

Il 23 Myr

23,000 yr

B 230 Myr *

Hos Gyr




So where do
the blue stars
come from?

So where do the blue
stars come from?

B From the Big Bang
From merging with another galaxy
[] They were born close to where they are *

M e magical sky fairy sprinkled them there




Spiral Galaxy M83
Hubble Space Telescope = WFC3/UVIS

Ground: MPG/ESO 2.2m/WFI

NASA, ESA, R. O'Connell (University of Virginia),
the WFC3 Science Oversight Committee, and ESO

STScl-PRC09-29 HST WFC3/UVIS

“The Milky Way

“dark clouds” where light is
blocked by interstellar dust

Credit: Serge Brunier / APOD




Interstellar dust

produced by stars)

* sublimates (ie. melts) at T > 1000K

emission?

Recall:
)\mcwcT =b

b= const = 2.9 x 10°nm K

+ at what wavelength do we expect blackbody

+ consists mostly of Silicon, Carbon (“household fluff”
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At what wavelength do you
predict emission from dust?

B Optical

Infrared

B X-ray

. Microwave
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The Milky Way in Infrared

Lupus Region
Cyanus Region

. Rosette Nebula

, Galactic-Center.
Andromeda
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Orion




molecular hydrogen:
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Gould’s belt

described by Benjamin Gould in 1879 as a collection of bright and massive stars that formed a ring in a projection on the sky

Perseus Taurus
Taurus

“Most star formation within 0.5 kpc lies in Gould's Belt, a ring around
the sky containing star-forming molecular clouds centred on a point
200 pc from the Sun and tilted at 20 degrees to the Galactic Plane”

JMCT Gould’s belt legacy survey (sub-mm): http://www.jach.hawaii.edu/JCMT/surveys/gb/




Star Formation in the Rho Ophiuchi Cloud Spitzer Space Telescope * IRAC * MIPS
$5¢2008-03a

NASA / JPL-Caltech / L. Allen (Harvard-Smithsonian CfA) & D. Padgett SSC-Caltech)

Extinction mapping

Ophiuchus .

Evans et al. (2008)




(Nearby) Molecular clouds: in numbers

TABLE 1
Facts ABoUT CLOUDS

Evans et al. (2008)

Cloud Solid angle Distance Area Av Mass® (n)P t(cross) Refs
(deg)  (po) (b?)  (km s-}) (Mo) (em=%) (Myr)
Cha IT 1.038 178 £ 18 10.0 £ 2.0 1.2 426 + 86 345 3.7 1,2
Lupus 3.101 150 £ 20° 2844+ 6.5 1.2 816 £ 188 381 479 3,4
Perseus 3.864 250+50 73.6+29.4 154+0.11 481441925 196 78 5,6
Serpens 0.850 260+ 10 175+ 1.4 2.16+0.01 2016 + 155 707 27 7,6
Ophiuchus 6.604 125+25 3144126 0944+0.11 2182 £ 873° 318 8.4 8,6
Total 15.457 --- 160.9+51.9 -~ 10254 + 3228 389 S

« mostly consist of molecular hydrogen, but also other molecules e.g.
carbon monoxide, ammonia, NHs, methanol, water.

+ size ~ 0.1pc - 100pc (0.3ly - 300ly)

« density ~ 10%-10* particles/cm3 ~ 10-21-10-2° g/cm3
- size + density implies mass ~ 10 to 106 Msun

+ temperature ~ 10K

+ lifetime? (1 million - 10 million yrs)

- formation?

Optical (HST) IR (Spitzen)




Taurus Molecular Cloud

T-Tauri and surrounds (optical) Taurus molecular cloud in 2CO emission
credit: NOAO Goldsmith, Heyer, Narayanan, Snell, Li & Brunt (2008)

Dec. (J2000)

RA. (J2000)

Fig. 14.— Locations of young stars in Taurus superimposed on map of the Hy column
density. The stellar positions are from Kenyon (2007). The diamonds indicate diffuse or
extended sources (of which there are 44 in the region mapped), the squares indicate Class I
or younger stars (18), and the asterisks indicate T-Tauri stars (168). It is evident that the
diffuse and younger sources are almost without exception coincident with regions of relatively
large column density, while the older stars show a much larger probability of being found in
regions of lower column density.




Hertzsprung-Russell diagram (for Taurus MC)
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Why do young stars lie above the main sequence?

B They are hotter than main sequence stars
They are bigger than main sequence stars <
B They are cooler than main sequence stars

B They are smaller than main sequence stars




T-Tauri stars
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Why is there a “bump” on top
of the blackbody curve?

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




Jets from Young Stars HST - WFPC2

PRC95-24a - ST Scl OPO - June 6, 1995
C. Burrows (ST Scl), J. Hester (AZ State U.), J. Morse (ST Scl), NASA

-

1998 2000

The Dynamic HH 30 Disk and Jet HST ¢ WFPC2
NASA and A. Watson (Instituto de Astronomia, UNAM, Mexico) ® STScl-PRC00-32b

Molecular cloud appearance and structure is strongly
dependent on mass of stars formed

Taurus Ophiuchus Orion

most massive star ~ 1 Msun

most massive star ~ 3 Msun

most massive stars ~ 15-30 Msun







