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@ Introduction: The Fomalhaut system and its eccentric debris belt
© Upper limits on the gas content of Fomalhaut's belt

© Conclusion: gas-dust interactions?
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The Fomalhaut system

@ spectral type: A-star
@ age: ~400 Myr

@ narrow, eccentric dust ring with semi-major axis of ~150 AU

Acke et al. (2013)
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The Fomalhaut dust ring

Herschel PACS 70 pim (Acke et al. 2013)
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Introduction: The Fomalhaut system and its eccentric debris belt

Origin of the dust belt's morphology

@ planetary perturbation
@ stellar encounters

@ gas-dust interactions

Image credit: NASA
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Introduction: The Fomalhaut system and its eccentric debris belt

Planetary perturbations

@ planet interacting with the belt

e Fomalhaut b: too eccentric (e = 0.8+ 0.1)
e Fomalhaut ¢ ? (— talk by Virginie Faramaz tomorrow)
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Introduction: The Fomalhaut system and its eccentric debris belt

stellar encounters

e Fomalhaut A is part of a wide triple system (separations ~10° AU)

@ secular interactions and/or close encounters could result in eccentric
disk (e.g. Jalali & Tremaine 2012; Shannon et al. 2014)
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Image credit: Grant Kennedy / Paul Kalas
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Gas-dust interactions

Requires certain amount of gas beside the dust (dust-to-gas ratio € < 1)
See previous talk by Wladimir Lyral
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Upper limits on the gas content of Fomalhaut's belt

Data available to test for the presence of gas

@ PACS aboard Herschel: 25 spaxels a 9.4" x 9.4”

e observation of Cll 158 um and Ol 63 ym line regions

o ALMA

e observation of CO J=3-2 line region
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Upper limits on the gas content of Fomalhaut's belt

Data available to test for the presence of gas

@ PACS aboard Herschel: 25 spaxels a 9.4” x 9.4”
e observation of Cll 158 um and Ol 63 ym line regions
o ALMA

e observation of CO J=3-2 line region
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Upper limits on the gas content of Fomalhaut's belt

Upper limits on line emission

e simulate PACS observations and compare to data (25 spaxels
simultaneously) = upper limit on line luminosity
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Convert line emission to gas mass

@ non-LTE code RADEX: line emission upper limits = total gas mass

Photo-lonisation:
* stellar flux

* interstellar UV

* cosmic rays

C=e
C+ C
RADEX: Abundances:
« non-LTE <« |+ solar
« collisional excitation: H. e * BPic
Hand e ’
* (radiative transfer)

PACS data: Ki t.T
- ClI flux limit Inetic total gas mass

- Ol flux limit temperature
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Upper limits on the gas content of Fomalhaut's belt

Upper limits on the total gas mass (from ClI data)

total gas mass [Earth mass]
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Conclusion: gas-dust interactions?

Summary and conclusions

o Herschel PACS and ALMA data = upper limits on the Cll 158 um,
Ol 63 yum and CO J=3-2 emission

o the data suggest low gas masses (except for "exotic” gas
compositions or very high temperatures)
= challenging to explain the belt's morphology by gas-dust
interactions
= Fomalhaut c or stellar interactions seem more likely
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-
Dust-to-gas ratio

abundances ‘ € ‘
B Pic >318
solar >3

Table: Lower limits on dust-to-gas ratio € (99% confidence level, from Cll data).
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stellar encounters

400000 -
350000 [ AB
AC -
300000 -
250000 [ !
200000

150000

Separation (au)

100000

50000

0 1e+08 2e+08 3e+08 4e+08 5e+08
Time (years)

Shannon et al. 2014

Gianni Cataldi (Stockholm University) Fomalhaut: gas-dust interactions? 2014-09-09 2/4



]
ALMA continuum data
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PACS 63 um data
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-
PACS 63 um data

RA offset [arcsec]
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