Modelling spiral morphologies

Case: the inner wind of CW Leo
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CW Leo, the C-rich Laboratory



CW Leo, the C-rich Laboratory
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CW Leo, as seen with ALMA

ALMA Cycle 0, band 9.

18 antennas, 25m - 340m. Sensitive to spatial
scales up to 3”.

17.5 min on source, total observation time 35 min.
Relatively poor UV coverage.



CW Leo, as seen with ALMA

3CO J =6 -5 emission




Binary-induced spirals
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Binary-induced spirals

2 ‘types’ of spiral structure

1. Gravitational field of : 2. Orbital motion of mass-losing AGB
the companion . star around center of gravity

focus of material toward orbital plane . spiral structure reaching almost orbital axis
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Binary-induced spiral?

02468 02468 02468 02468 02468 02468 02468

2 -42.1 ’KM/S: -41.4 KM/S, . -40:8KM/S| rtyﬂ KM/S| 39.4 KM/S; 8 Km/st, -38%1 KM/S
s ! r‘ : | e 1 | @ .
oY, Py Wy ;: ‘?p : % < at‘_» ) Generate wide-slit
g & -~ "’ ’ i g G : . g
RS St AT BT e D AR ek B e PV diagram.

|- 37aKWS 368 KMIS. -36.LKM/S. , -35.5KM/S] - -34.8KM/S|  -34.1 KM/S|  -33.5KM/S
[} » -

g i t
: b v | A
0‘0""-'7.(-‘ ""!”’&i"".’“ o,
. o ol 1 - & . -
2 } #‘."‘ .‘.. — .r.v-‘.‘v.E.v ._’, ..‘ '."' =y
2 -32.8 KM/S| . -32.1KM/S|  -31.5 KW : -30.8 KM/S| -30.1 KM/SL+ -29.5 KM/S| . -28.8 KM/S!
. ) 4

0 h ?,JF: 4"-{*".*”":- ‘,-4 Find most revealing PA.

Wty

> ,-' 2Bk - 27 5‘KM/S,‘ 26.8KM/SL - -26.2 KM/SL. 248KMEl -2 2'KM/S

4:‘5:&” "'”5" :.
’HL d‘ "T&. -f “"‘ | .
G S, Rl b o o Na”

Arc seconds
o

AW -23§KM/§ “228K 75%-' SRS, F S KW 20, Klwsi %0, KIS 195 KIS
--M . ®* & 'ﬁ !

°f 4" B IR G L.

-2 " ° “.,‘-L-‘;“' ke _a ‘- .J T fv“iJV'

8T KM/S| - B182 KMIS] . #17.5 KWS|  #16.9 KM/S| 452 KWS| 155 KWt 14 9 KM/S

ﬂ_“:‘ | S | =& |
B 1 1:;5'%-'!_&*,%‘

' ]
2 'h" T . =2 Tl S - a7 5 7 : 1o ﬁ bt 1
ol  -142Kwst  A35KMS]  -129KM/S.  -122KMB], -11.5KM/S] 210.0 KWs| - -10.2 KM/S|

-

10.9 KMy
X Y5 YE YE YR A5
IR e N B T N e O R e s ezl
2 0

0o -2 2 0o -2 2
Arc seconds

E

LA




Binary-induced spiral?
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Binary-induced spiral?

13C0O J=6—-5
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Some clear correlated
structures are visible

- Clumpy
- Noisy
- Broken-up
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Analytical spiral models
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Analytical spiral models
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Analytical spiral models
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- Spiral embedded in homogeneous outflow
- Temperature follows density
- Radial outflow velocity




Analytical spiral models
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Analytical approximation of spiral wind as input
model for 3D radiative transfer code LIME
(Brinch et al. 2010)



Analytical spiral models
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Investigate the manifestation in the observables
by means of a parameter study.
(Homan et al. 2015)




Analytical spiral models
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- Total mass loss
- Contrast L
> - Opening angle 1500 combinations
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Analytical spiral models

Orthogonal wide-slit PV diagrams




Analytical spiral models

Orthogonal wide-slit PV diagrams

CO emission of a ‘Shell spiral’ due to reflex motion of AGB star.
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Analytical spiral models

Orthogonal wide-slit PV diagrams

CO emission of a ‘Narrow spiral’ due to local gravitation
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Back to CW Leo

Orthogonal wide-slit PV diagrams
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Back to CW Leo

Orthogonal wide-slit PV diagrams
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Back to CW Leo

Orthogonal wide-slit PV diagrams
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Back to CW Leo

Orthogonal wide-slit PV diagrams
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Final remarks

- Mass loss rate
- Density contrast

Modelling
Emission ) -Tempgrature
- Velocity

- Morphology

- Kepkerian Disk (in prep.
Other morphologies P (in prep.)

in the pipeline: - Clumps
- Hourglass
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