Gas 1n a debris disk: B Pictoris
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B Pictoris 1n scattered light
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B Pictoris gas

* [3 Pictoris found to be
“shell” star by Slettebak
(1975, ApJ, 197:137)

Fe I 2484A

Lagrange et al. 1998, A&A 330:1091



Extended gas
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Olofsson et al. 2001, ApJ 563:L77




Grain-grain collisions

Czechowski & Mann 2007, ApJ 660:1541



LINE OF SIGHT

Czechowski & Mann 2007, ApJ 660:1541



V_ASYMPTOTIC OF BETA METEOROIDS (r_0=10 AU)
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Czechowski & Mann 2007, ApJ 660:1541



Carbonaceous grains
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Radiation force

On average, atoms move 1n
direction of incident radiation



Fernandez et al. 2006, ApJ 643:509 TABLE 1

RADIATION FORCE COEFFICIENTS

Ion e Ion AP Ion Bb Ton b
a NN -3 T ( 103 Q) M10> VI 724+ 4
| LYWL L J.u - U L ¢ VI 44402
; VIO 0
| Nﬂ I @ C 7 Crl 0345
| : CrlI  (6.0+3.0)1077
A CrlI
Nﬂ H } , Mnl 2843
Mn 1l 7+1
Na II1 0 Al wm  F
Fel 2742
| A T4 4+ 8 At Een 50403
CII (8.5+0.9)10°° AlIl 0.36+0.05  Cal 330 +40 Felll (3.0+0.6)1077
NI (2.1+0.1)10* AlIl 1241 Call 50410 Col 1641
NI (7.5+0.5)10°° Sil 6.0+ 0.6 Calll Coll 0
NII (7.0+£1.0)10°° Sill 949 Scl 220420 Colll  (4.0+£2)1077
O (3.3+£02)10% Silll (58+0.6)10* Scll  (1.3+£0.4)10®° Nil 26+2
oo (3.1+£0.7)10° PI 3.44+0.6 ScIll  (9.0+3.00102 Nill  (7.042.0)1072
Ol (6.5+0.6)107 PII (2.24£0.3)103 Til 9745 Nilll (3.0+2.0)1077
F1 0 PII  (5.0+2.00107* Till 2842 pe 4.4 %1071
FII (3.5+0.9)10° SI 0.56+0.09 TiII (5.0+£0.1)107* e° 0.27

28 = 0 means that no ground state transitions are known in the range 1000A< A\ < 50000A

®Empty entries mean that no atomic data was available 10
“Proton and electron value calculated using Thomson cross section



Collisional braking: principle

before after

Collision frequency — Braking inertia
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Element Fiunb n[/"I[+=
(kms™)

Lil 0.11 4.4 %1078
Bel 58 4.4 % 1072
Bl 0.41 6.1x 107
Nal 3.3 3.2 % 107*
Mgl 1.1 6.4 % 1074
All 5.0x10* 85%x107
Sil 0.02 1.3 % 10~*
Pl 8.7 1.5% 1072
K1 0.5 1.5% 107
Cal 0.03 3.5%x 1075
Scl 3.5 7.0 x 1074
Til 0.6 3.0 x 107*
VI 0.2 1.2 % 1074
Crl 0.9 4.8% 10~*
Mn] 0.4 7.6 % 1074
Fel 0.5 9.0 x 107*
Col 0.8 2.9 % 1073
Nil 0.3 4.8 % 104

Velocity at
1onisation
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Fernandez et al. 2006, ApJ 643:509

TABLE 1

RADIATION FORCE COEFFICIENTS

Ion e Ion AP Ion Bb Ton b
HI (1.6+0.1)10° FII  (5.0+1.0010° SII  (9.0+1.0)10° VI 72+ 4
Hel 0 Nel 0 SII  (2.0+1.0010* VI 44402
He II Ne II 0 Cl1 2.3+0.4107° VIO 0
Lil 900 & 40 Nelll (9.04+2.0)10° CloI 3.7+04107 Crl 9345
— L Q AL AWELY: (3.0£2.0010° CrII  (6.0+3.0)1077
(1.7£0.3)10°° CrIOo e
0 Mnl 2843
(1.5£0.2)107 MnII 7 :I: 1
200 420 MnIII
o Fel 27 ;t 2
. = =t (4.44£0.2)10* Fell 504+0.3
CIl (8.5+0. 9)10-5 Alll 0.36+0.05 Cal 330 440 Felll (3.0+0.6)1077
NI (21+£0.1)107* AlII 1241 Call 50410 Col 1641
NI (7.5+05)10°% Sil 6.040.6 Calll e Coll 0
NII (7.04+1.0)10°% Sill 949 Scl 220420 Colll  (4.0+£2)1077
O (3.3+£02)10% Silll (58+0.6)10* Scll  (1.3+£0.4)10®° Nil 26+2
oo (3.1+0.7)10° PI 3.440.6 Selll (9.04+3.00102 Nill  (7.0+2.0)1072
OIl (6.5+0.6)107 PII (2.24£0.3)103 Til 97 45 Nilll (3.0+2.0)1077
F1 0 PII  (5.0+2.0)107* Till 2842 pe 4.4 x 10711
FIL (3.5+0.9)10% SI 0.564+0.09 TiII (5.04+0.1)107* e° 0.27
28 = 0 means that no ground state transitions are known in the range 1000A< A\ < 50000A
®Empty entries mean that no atomic data was available 13

“Proton and electron value calculated using Thomson cross section



FUSE: Carbon absorption
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B Pictoris gas disk composition
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Element vimb nI/ n.©

by | R

e Velocity at
Lil 0.11 4.4 %1078 . . .
Bel 58 4.4 % 1072 1onisation
BI 0.41 6.1 % 10~
Nal 3.3 3.2% 1074
Mgl 11 Gaxigd OO0 AV o T
All  50x10% 8.5x 10~ km's km's
A R
K1 0.5 15%x10<¢ Nal —1.2 UK
Cal 0.03 35%x10°°  (Call —-0.3 2.1
Sc] 3.5 7.0x 1074 T 11 02 0]
Tl 0.6 3.0 1074 111 - -
V1 0.2 12x10* N1l 0.4 0.4
Crl 0.9 4.8 % 10~ -
Mn]I 04 76x10+ i 2.8 3
Fel 0.5 9.0x10* Crll 2.2 3
Col 0.8 2.9 x 1073

Nil 0.3 4.8 % 1074
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FUSE: Carbon absorption
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Flux [Jy]
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Extra



Beta Pic & PSF 70um Beta Pic & PSF 100um Beta Pic & PSF 160um

O 10" 100 AU O 10 100 AU Q 10° 100 AU

Beta Pic 250um Beta Pic 350um Beta Pic 500um

Fig. 1. Surface brightness maps of the B Pic debris disk at 70, 100, 160, 250, 350, and 500 um. The PACS PSFs, rotated to match
the position angle of the telescope at the time of the 8 Pic observations are depicted in the upper right corner of the images. The
SPIRE PSFs are depicted in Fig. A.6. All images are scaled linearly, contour lines are in steps of 10% of the peak flux. The surface
brightness unit is Jy arcsec 2. The white circle shows the beam FWHM. The position of the flux peaks observed at 850, 870, and
1200 um by Holland et al. (1998), Nilsson et al. (2009), and Liseau et al. (2003) are indicated with H, N, and L.
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Vega

Sibthorpe et al. 2010: Herschel observations of the Vega debris disc
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Fig. 1. Data for the Vega debris disc from 70 um to 500 um from left to right respectively (top row - star-subtracted images; bottom
row - modelled images). All images are scaled linearly, and both images within a given band are equally scaled. The white circle
represents beam FWHM in each band, and the contour lines are in steps of 5% of the peak flux. The black dashed circle represents

the location of the disc at a radius of 11”.



Vega

[((wroz) *4/(wrgz)" 4167

arcsec



