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STAR FORMATION

a dark cloud D gravitational collapse

oung stellar object (YSO

C protostar envelope

bipolar /
flovr

giant molecular cloud

(GMCO)

dense core

j«-~200,000 AU —»| 10,000 AU->» time=0
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a) Star formation begins inside dark interstellar clouds containing high-

density regions that become gravitationally unstable and collapse
under their own weight

b) The collapsing core forms a protostar

c) a phase of stellar evolution defined by the rapid accumulation of mass
from a circumstellar disk and a surrounding envelope of gas and dust.
As the dusty envelope dissipates, the object becomes visible at optical
wavelengths for the first time as a T Tauri star



STAR FORMATION
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d) These objects can often be recognized in telescopic images by the
presence of a protoplanetary disk. After a few million years the dusty
disk dissipates, leaving a bare pre-main-sequence star at its center

e) In some instances, a debris disk with newly formed planets m
continue to orbit the star. The star continues its gravitational colla
to the point where its core temperature becomes hot enough for nucle
fusion, and the object becomes a main-sequence star




PRE-MAIN SEQUENCE STAR COMPARISONS

T Tauri stars vs. Herbig Ae/Be stars
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BE STAR COMPARISONS

Herbig Ae/Be stars vs. Classical Ae/Be stars

Herbig Ae/Be stars classical Ae/Be stars

pre—main sequence stars evolved main sequence stars
infrared radiation excess due to  infrared excess due to free-free
circumstellar dust emission

in star forming regions not in star forming regions

fast rotation
spectral type earlier than FO

Balmer emission lines




BECKWITH’S MODEL
Beckwith et al., 1990

6 spatially thin, axisymmetric disk

o disk r r Bok globule CE
T(r) =Ty () 92(r) =Zo()7? 1

0 o |
o Ly = 4nSAB(T)(1 — e~ ™) ?
L,: luminosity density, Fy: flux density ol :
8A: projected area, B, (T): Planck function :

o Ly = 4nd?*F,, d:distance from the source = ", % "

F, = A A1 B,y (T) T3, ik

O T):optical depth,7) = KX = K), * % .
2

oM=-22_13mm b

K-AB?L(T)’ : J. Sauter et a1.§2009)
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INTRODUCE HD 259431

HD 259431

variable star of Orion Type (Herbig e/Be star)
may be a classical Be star ‘ |

spectral type: B3 (Swings & Struve, 1943) |
distance: 800pc

h m s ’ ' " mag. mag. mag.
HD 259431 06 33 0520 +10 19 19.9 Be6 8.71 0.788 0.940

Near-Infrared Excess of Classical Be stars, % & #(2009)



ESTIMATION OF DISK MASS

(& Lo el B |

B3 star, Teff=19000K

(Swings & Struve, 1943)

T1=19000K T3=400K
T2=1400K T4=80K
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Near-Infrared Excess of Classical Be stars, % j# #(2009)



ESTIMATION OF DISK MASS — BECKWITH

flux density in 1.3mm(use blackbody, T4=80K)
when A = 1300um, AF, = 2.81x 107°W/_ ,
_ -18 W
F,=216x10 /cm3
d = 800 x 3.0857 x 10%° x 10? = 2.47 X 10*1cm
— -7 W
B, (80) = 2.162x 10 /(:m3
F?L X d
M, = = 6.09 X 1028 x k; 1
d Ky X BA(T) a
Ky = Ko (%)ﬂ , while 4, = 0.25mm, xy = 0.1 sz/g
(Hildebrand, 1983)
then get 1, = 0.019¢™°/,,
and My = 3.21 x 1033g=1.61Mg




ESTIMATION OF DUST MASS —
T TAURI VS. BE STARS

T Tau
distance: 140pc
flux density: 280mdy
M;:0.016 Mg

HD 259431
distance: 800pc

flux density: 2.16 x 107 W/ ., =1210mJy
M,:1.61Mg

. F3Xd2

use n;/l_ EJ_XBA(T)
left = —2222 = 100.50
d,T Tau

1210 800 )

right = X (—)“=141.11

280 140



ESTIMATION OF DISK MASS — SED

o B [ )

excessl=6.67«10"-16 W/cm”™3
582=3. 107-16 W/cm™3
excess3=6.59%10"-16 W/cm"3

excess=excessltexcessZ2+texcessd
=1.63%*10"-15W/cm”"3

T2=1400K
excessl

log(wavwlength){um})

% Compiled module: SMATINE.
excessl= 6.6684123e-016
excess2= 3.077106le-016
excess3i= 6£.587156le-016
excess= 1.6332675e-015

T3=400K pink 400K
particles

T4=80K red 80K
particles




ESTIMATION OF DISK MASS — SED

assume dust particles are silicate, a perfect sphere and an

1ideal black body

radius: 7, = 0.1um, volume: V; = 4.19 x 10721 (m?3)
density: d, = Zg/cmg,(ZOOOkg/mg),
temperature: 80K(excess3), 400K(excess2), 1400K(excess1)
distance: d=800pc=2.47 X 10%°1m  Brian Donchew and Sean Brittain(2011)



~N
" IDLO (o] B ]

exce

>~

ESTIMATION OF DISK MASS —

>

one particle: _ A
. 4 L S )
L=4nr2cT,”, F; = o= r

80K, L=2.92 x 10~ 13(w),

Fy =3.80 x107>3("/ ,)=3.80 x 10757 ("/_ )

400K, L=1.82 x 10~ 1°(w),
Fp =237 x107°°(W/ ,)=2.37 x 10~>*(W/_ ,)

1400K, L=2.74 x 10~8(W),
Fp =357 x107*8(W/ ,)=3.57 x 107°2(W/_ )

we have
excess3(80K) Fy = 6.59 x 10716(W/_ )
excess2(400K) F, = 3.08 x 10"16(W/_ )
excess1(1400K) F = 6.67 x 10716(W/_ )




the particle number may be
N; = 1.73 x 104
N, = 1.30 x 1038
N; = 1.87 x 103°
Ny = N; + N, + N3 = 1.73 x 10*!
total mass of dust should be
M=NXxV,xd, =145 x10%"(g)

typical ISM, gas to dust ratio 1s 100,
My = 1.45 x 10%°(g)=7.29 x 10> Mg



DISCUSSION

o Beckwith model vs. SED

2F"_" '+ | Butthereis turn over must be considered...

log flux (erg/em’ s Hz)
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log wavelength [pm)
L.B.F.M Waters et al., 1991




DISCUSSION

T Tau(T Taur) M, =1.91My M; = 0.016Mg

HD 259431 (Be star) M, = 6.4Mgy M,y = 7.29 X
107> Mg

typical ISM: My,5 = 100M gy 5

Be stars was thought to have lower mass of disk
because 1t 1s hotter



CONCLUSION

O opacity, Ky
o use a'T Taur1 star model
o use SED

o submillimeter and millimeter observation is a
tool needed

ALMA!

Thanks for your listening! ‘




Ky opacity, Ky = Ko (%”)5
0.002 to 0.10 cm?g~*(Draine, 1989)

in 30um, can be determined, but in long wavelengths...
shape, fractal dimentions

I I [ |
ot . 1
.
|- - ™ - Fui. 5. Logarithm of derived disk mass M, va
h= - a® & the 1.3 mm Aux density F, shows the correla-
= L] . ; se , * . tion of F, with total amount of emitting mate-
E‘ @ ° o 9% Y rual; the seatier indicales variation in the disk
= -2+ - :l' . - temperntures that must be taken into account
-1 - . fior an accurate derivation of M.
s %t £
-3 o -
_42 1 | | 1
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log F, (1.3mm) Beckwith et al., 1990



ESTIMATION OF DISK MASS — SED

assume dust particles are silicate, a perfect sphere and an ideal
black body

radius: 1, = 0.1um, volume: V, = 4.1888 x 10741 (m?)
density: dg = 29/__5(2000%9/ ),
temperature: 400K~1400K, 400K in average,
distance: d=800pc

one particle:
L=4nr?0T,* = 4.6751 x 10~°(W)

F, =6.1052x 107 (W/ ,)=6.1052x10"53(W/ ;)

Brian Donehew and Sean Brittain(2011)

~ 4nd?

we have total F) = 8.5724 x 1071¢("/_ )

the particle number may be N = 1.4041 x 1037

total mass of dust shouldbe M = N x V, x d¢ = 1.1763 x 10%3(g)
typical ISM, gas to dust ratio is 100, M; = 1.1763 X 10%°(g)



ESTIMATION OF DISK MASS
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Near-Infrared Excess of Classical Be stars, % j# #(2009)



ESTIMATION OF DISK MASS — BECKWITH

flux density in 1.3mm(use blackbody(T=400K))
when A = 1300um, AFy = 4.0634 x 10723 W/
— -22 W
F, =3.1257 x 10 /cm3
d = 800 x 3.0857 x 10'® x 102 = 2.4686 x 10%1cm
_ -8 W
B, (400) = 3.12260 X 10 /Cm:.;
F?L X d
M, = = 6.0934 x 10%8 x ;!
d Ky X BA(T) A
Ky = Ko (%)ﬂ , while 4, = 0.25mm, xy = 0.1 sz/g
(Hildebrand, 1983)

then get k) = 0.019cm2/g,and M; = 3.2071 X
103%

cm?




ESTIMATION OF DUST MASS —
T TAURI VS. BE STARS

T Tau
distance: 140pc
flux density: 280mdy
M;:0.016 Mg

HD 259431
distance: 800pc

flux density: 3.1257 x 107%*%W/ __, = 0.17608m]y
M,:0.0016 M,
. F3Xd2
use n;/l_ EJ_XBA(T)
left = d,HD 259431 _ (4
Md,TTau
. 0.17608 800,
right = X (—=)“=0.021

280 140



ESTIMATION OF DISK MASS — SED

lambda+B—lambda{w/cm2)

log(wavwlength)(um)

o] E i)

*10"-16 W/cm”™3
#*10"-16 W/cm™3
+C\C€%%)

*10"-16 W/cm”3

~

Bl =2 2

%t Compiled module: SHAINE.
excezssl= 5.4852784e-016
excessZ= 3.0771081le-016
excess= 8§.5723845e-016

There 1s not enough points
to find another blackbody,
indicating there is more
IR excess. The disk mass
estimated below 1s only
the minimum



ESTIMATION OF DISK MASS — SED

assume dust particles are silicate, a perfect sphere and an ideal
black body

radius: 1, = 0.1um, volume: V, = 4.1888 x 10741 (m?)
density: dg = 29/__5(2000%9/ ),
temperature: 400K~1400K, 900K in average,
distance: d=800pc

one particle:
L=4nr?0T,* = 4.6751 x 10~°(W)

F, =6.1052x 107 (W/ ,)=6.1052x10"53(W/ ;)

Brian Donehew and Sean Brittain(2011)

~ 4nd?

we have total F) = 8.5724 x 1071¢("/_ )

the particle number may be N = 1.4041 x 1037

total mass of dust shouldbe M = N x V, x d¢ = 1.1763 x 10%3(g)
typical ISM, gas to dust ratio is 100, M; = 1.1763 X 10%°(g)



ESTIMATION OF DISK MASS

ESREERE)

T1=6000K, T3=400K
T2=1400K, T4=80K
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Near-Infrared Excess of Classical Be stars, % j# #(2009)



ESTIMATION OF DISK MASS — BECKWITH

flux density in 1.3mm(use blackbody(T=400K))
when A = 1300um, AF) = 2.8119 x 10~°W/__,
— -18 W
F, =2.1632 %10 /cm3
d = 800 x 3.0857 x 10'® x 102 = 2.4686 x 10%1cm
— -7W
B, (80) = 2.1634 X 10 /Cm3
F?L X d
M, = = 6.0934 x 10%8 x ;!
d Ky X BA(T) A
Ky = Ko (%)ﬂ , while 4, = 0.25mm, xy = 0.1 sz/g
(Hildebrand, 1983)

then get k) = 0.019cm2/g,and M; = 3.2071 X
1033 g




ESTIMATION OF DISK MASS — SED

2 IDLO s

excess1=5.4953%x10"-16 W/cm”™3
excess2=3.0771*10"-16 W/cm”"3

excess3=6.5872*x10"-16 W/cm”™3

excess=excessl+excessz+excess3
=1.5150%10"-15 W/cm"3

Bl &g 32
% Compiled module: SMAINS.
excezsl= L.4952784e-016
excess2= 3.077106le-01&
excezs3= 6.587156le-016

excess= 1.5159541=-015

log(wavwlength)(um}




ESTIMATION OF DISK MASS — SED

assume dust particles are silicate, a perfect sphere and an ideal
black body

radius: 1, = 0.1um, volume: V, = 4.1888 x 10741 (m?)
density: dg = 29/_ (2000 J‘:"5'/?.,,13),
temperature: 80K~1400K, 740K in average,
distance: d=800pc  Brian Donehew and Sean Brittain(2011)

one particle:

L=4nr?0T,* = 2.1367 x 10~°(W)
F, = =2.7903 x 107% (W/ ,)=2.7903x 10-53(W/ )

Arrd?

we have total F; = 1.5160 x 10~5(%/_ ,)

the particle number may be N = 5.4331 x 103’

total mass of dust should be M = N x V, x d; = 4.5516 x 10%3(g)
typical ISM, dust to gas ratio is 100, M; = 4.5516 X 10%°(g)



