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“Herschel & low metallicity galaxies. =~ .

Herschel Dwarf: Galaxy Survey h

50 galaxies

Extremely low metallicity
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= ‘ Alltargets: Herschel FIR & submm
12-+log(0/H) photometry and FIR spectroscopy
TAll targets: Spitzer MIR
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Ga/axy Evolution Issues:
« Howdo ga/aX/es accumulate their metals7 :
- How does the enrichment effect star format/on processes?
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200 of dwarf galaxies in; the tbcal. Universe

Optical view of a samplye of the Herschel dwarfs
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Dwarf Galax-les Herschel-Spi zér’3~-c6[o'r"imég'es_, |
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NGC 1705 Herschel ‘+ Spitzer * b =spc 7 ='1/3 zsolan.

©'Halloran et al 2018 : ‘
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The Super Star Cluster glbminatés atshortd = o= aie ) o, ~ 4" T
* but disappears > 24 uv ; . PACS 70 mu (red)

PACS isolates the 2 ot_her clusters




NGC1705 the Improved&patlal Resolutlo
y = of Herschel - ‘
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MIPS 160 LM PACS 160 um
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IRAC 3 mu (green) + - R MIPS 24 mu (green) +

PACS 70 mu (red) , . PACS 70 mu (red)
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NGC 1705:Hers¢hel confjmé submm 'e'xc':ess‘ "

* IRAC+ MIPS + PACS + SPIRE + Lahoca 870 mu

NGC1705
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Large -submm excess > 400 mu B PAGS

LARGE DUST MASS" ?
1.8 X1075 Mo (graphite + silicate) ' SP|RE

Gas-to-Dust (G/D) mass ratio = 220 (using graphite) O. LABOC A.»
too low for a galaxy 1/3 7, ! : _

Dust Mass: 1 X105 Mo (silicate + amorphous carbon —
Rouleay|& Martin 1991) => flatter submm slope (like f =1-1.9)

...but still some submm-excess Very cold"dus.t
component:

-

G/D) mass ratio = 400 ~ 3 X Galactic G/D Tdust~10K.
. O’Halloran et al 2010; SED model Galliano gat al &Qalametz et al 2009 ﬁ S0

.



Dwarf Galax.les often S@W dubmm excess

Virgo dwarfs: Grossi et al 2010 | Haro 11 Galainetz et al

' CC562 VeC1179 VCC1356 |
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 LMC with AC' )

PAHs
ins < 10 nm |
irains » 10 nm J

_ Il 500 mu excess in the LMC w/graphite - *
107 £ =l Excess gone with amorphous carbon

%\ grqphlte -> amorphous ca?oon .
(but- often still excess + extra cold dust
100 comonent) :

Some other pessibilities: "Lisenfeld &t al hot fluctuatlng small grains (2001)
Modified optical properties Inverse T — heta relationshp ' (Meny et al 2007)
Spinning dust (Draine &Lazarlan 1998; Hoang 2040; Ysard & Verstraete 2010; Bot et al 2010 )

v ..



- TR S
. Such?rge dust masses glvmg low G/D not plaUSIble for
low metall:c:ty galax:es : |

BUT

Do we know the fotal gas reservoirs in dwarfs?




NGC 4214 HST image + PACS CII contours

D=3 Mpc
/ =30% 7

solar

1.5’

HST imge (UV-optical): Ubeda et al 2007
158 mu [CIl] map: Cormier et al 2010



NGC 4214 A‘ e

l Contours:

Green: [CII]
(Cormier et al 2010)

Red: CO (1-0)
(Walter et al 2001)




NGC 4214 d=3 Mpc Z =30%'Z,.,

5 FIR#ines mapped:

Ol 63 mu ., Olll 88 mu
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Ol 145 mu
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[Olll]. 88 mu line - brightest line in dwarfs
—..traces the source of fonisation
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AlFIRlined ~ 2to4 % of Ly + * |




NGC 4214 d=3Mpc Z =30%'Z,.

~ Kaufman et al PDR plots '‘® g
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NGC 4214 d=3 Mpc Z =30%'Z,
| e "« [CIIJ/CO =4 000 to 75 000
| Kaufman et al PDR plots . » (ggjaxy average: 30 000)
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‘Hidden’ molecular gas traced by
/},".'G“C”’{Tf\ C+ (CO-free zone) i

‘CO-Dark’moleeular gas
(Wolfire et al 2010)  *

O
Q-
LL
-
O
=
©
O
@®
Y
@)
O

4
01145/Cll ®

Also: S.tace'y et al 1991; Poglitsch et al*1 995_; Méddeh et al 1997; Bolatto et al 1997;
Madden et al 2000; Models: Roellig et al-2006; Wolfire et al 2010




high I[CII]/I(CO) - decrease in metallicity g
Normal metallicity clouds — PDR a thin shell around H2 - ¢
- Decreased in metallicity — decrease in dust — lower photon attenuation |n
cloud -> CO more easily destroyed — deeper PDR around smaller CO core -
TotaI.N((.:ﬂLc) the same ; N(H,) might not be less (self-shiel'ding of H5) .'
Low Z dwarf IC10: ‘hldden Hz factors of up to 50 to 100 tlmes more
- H, than-traced with CO (Madden et al 1997)¢

..




- PDR modeling are Metallicity .
.« CO-free zone™P
o H2- dark.zonepe.
s : Traced by [CH] -

1E-6

1E-3

Critical parameter:

Shielding of H2 determines

1E-8 << " HI/H2 transition - -

1E-9 CO(1-0) depends on ¢
Go/n vs :

. dust extinction of FUV
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1E-12 ’ Close to thHe clump surface?
1E-13 K Qr close to the

1E-14 p x=10° - C+/C/CO interface?
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Roellig et al 2006 12+log(O/H) KOSMA PDR Mo.r e Her. SChe'/.
| © spectroscopy

To come....

. "The Dark Molecular Gas": Grenier et al 2005 *
: Wolfire et al 2010
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[CHI)/FIR & [CII}/CO in Galaxies - local and high-z

L[cu]/Lco(l-oo) = 80,000 L[cu]/]-'co(l-oo) = 4000
.'Dwa'rfs' S ' PR | e ! n=10°
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Stacey et al 1991: Stacev et al 2010



Summary (také home+the Vellow pomts)

.« Swbmm excess observed in dwarf ga/aX/es

S thls due to av. large cold dust ‘mass® .

.— Usmg amorphous carbons instead of é*a'phlte can ameliorate this :
_—:Can still find large dust masses sometlmes» - low gas-to-dust mass ratio

¢ = ‘Missing’ Molécular Gas in low metallicity galaxies?

— L([CIl{/L(CO) >> than dusty star burst galax:es - tracing the
H, gas not traced by CO
— [ClI] W|dely distributed throughout low metaII|C|ty galaxies — very cIumpy?
. — L([CII]/LFIR 0.5% to 2% ‘ . | . '

— OIll/CII > 2 on galactic scale (like giant HIl regions). QIII may bé a
workhorse diagnostic for high z, low Z galaxies with ALMA

.

-

L 2

Moleculdr reservoir:
’ ([CII} + CO) -to-H, conversion factor
The total dust mass issue - peeds the gas inventory

.




