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The Dwarf Galaxy 'SurVéy"j'.'§Cien'ce "

» kA
1. Nearby low-metallicity laboratories in thé Iocal-umyerse - Condltlons similar to arIy
; unlverse gaIaX|es g + |

2 -Dwarfgabjes (as low as 1/50 Zsolar) in local universe = can study of the
e\_rolution of the dust and gas properties as a function of metaIIi.city

3. How does the lower dust abundancé effect’the star farmation process?
'Dust enrichment in primeval environments Sy essertial for enhancement of SF activity..

4. Dwarf gaIaX|es harbor prelific SSCs. How much star formation act|V|ty'|s actually |
‘hidden even in dust-poor environments? ' :

5. What galactlc propertles and processes cont‘rol the dust and gas evdlutlon? How
are ISM structure, star for'ma‘hon activity and metallicity relaTed ?

* Requires a coheslve program of SPIRE & PACS
FIR/submm photometry and spectroscopy, other complementary data

‘




The Dwarf Galaxy Survey - Targets g
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R _ .. Source Selectionl*

" Fill metallicity bins: -
~ 5 to 9 galaxies in

7 bins.where possible
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- -Extremely low metallicity .
' galaxies: 1/50 to 1/20
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55 galaxies: statistical information in most
metallicity bins ¢ :

All sources observed with all 3 Spitzer -
instiuments ' .



Dwarf GaIaXies: Hé‘rschel-—Spi'fZér'3--c6[o'r',im'ag'es |

Blue: 3.6 mu(stars) : green: 24 mu (hot dust) red: 250 mu (cold dus
’ X X L , ¢
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NGC 1705 'He'/_';sche/ o+ Spitzer - ? =5Mpc | 'Z ;'1/3 Zs lar |
| : ©'Halloran et al 2018 (see poster) 4 '

The Super Star Cluster dbminatés at short 4
* but disappears > 24 uv
PACS isolates the 2 other clusters




of Herschel
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NGC1705 the Improved&patlal Resolutlo ’
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. NGC 1705 subngm .efceSs' gy
' OHalloran et,al 2010 (see poster) =~
IRAC + MIPS + PACS +. SPJRE + Laboca 870

.
NGC1705
———rr—————x MIPS
O '
Large submm excess > 350 mu

‘PACS

See also 3 dwarfs in Virgo: Grossi et al 2010 'SPIRE
(poster) 2

' LABOCA
-> [ARGE DUST MASS in NGC1705: 1 -2 X105 Mo '
What is the total Gas-to-Dust (G/D) mass ratio? 5 Véry cold duét

component: "
* G/D ~, Galactic to ~1.5, times Galactic

W - Which is lower then chemical-models predict. T dust ~ <10 K
SED model based on the model of Galametz et alg009 S0




Galametz et al 2010 (see Eoster) :

B IRAC 3-Color
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' & - ¥ " NS .Qa_nno?v_ et al 2006 .
Atomic gas: 1.3 degrees

. All the star formation activity =~ -~ " D=0.5 |\/|pC
Confined to 20’ region. . - - /Z =1/5 Z solar
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NGC 6822: PACS & SPIRE Mapplng
Galametz et al: 2010 (see pcﬁter) |
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NGC 6822: SEDs
of star clusters

Galametz'et al (2010)




NGC 6822: SEDs
of star clusters
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NGC 6822: SEDs
of star clusters
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NGC 6822: . S
SEDs of star clusters * V{

- What is the tota/ Gas ta Dust ( G/D) riass fatio?
. G/D ~ 100 for graphite + silicate
« G/D ~ 200 for amorphous carbon + S|I|cate of
| Rouleau & Martin 1991 (as in Meixner et al 2010 for LMC)
-ngher G/D usmg more emissive gralns (ﬂatter submm slope)

BU T G/D still lo wer thah expected for /ts meta///C/ty
- (G/D should be ~500 - 10‘20)




What are the submmbands tracmg ?

* M81: Bendo et al 2010
NGCG822,GaIamet_z etal 2010
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Dust heated by star formation ?
| ,;




What are the submmbands tracmg ?

* M81: Bendo et al 2010
NGCG822,GaIamet_z etal 2010
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Dust heated by eVoIVed stars ?
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The Dwarf Galaxy Survey#4 PACS Spectrpscop
. . X .
_ Diagnostic tracers of HII regions, PDRs leque Ionlsed Medium =>
« JPACS spectroscopy + Spitzer IRS + )

[cny 158 'um Most important cooling lines of the atomic gas.
[Ol] 63 um Probes the conditions in PDRs.- the largest fractlon

[Ol]- 145 pm of the neutral medlum ina galaxy

INII] 122 pm Conditions in the ionized medium. D'ia'g'nostj,cs
'NII] 205 pm . of absolute level and excitation of star forming )
[NIII] 57 pm activity and of ne'@ low density (< 10%cm) DIM

[OIII} - 88 pm " Abundances ie- [Nmyronj .. * |
o : : Densities ° i.e. [NI], [Olll], [SIII] line pairs
« Gas pressure i.e. [Ol] pairs-

* UV hardness  [NIIJ/[NIIIT.. [SHlyron] palrs
& intensity .
ISM filling factor .




‘He'2-10 :'Single-pgin't.irTg' map g
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Spectroscopy Dwarf GaIaX|es (SHINING
He2 10 (D 9 Mpc . |

Olll 88um line — Central Pixel
Cll 158um line — Central Pixel
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‘Spectroscopy Dwarf GaIaX|es (SHININ
§ e 2- 10 CII (58 mu) & OI! (88 mu)

Cll 158mu Olll (88mu) /ClII (158mu

Hundreds of SSC: extent of

hard radiation field and winds
Seén in unusually high OIN/CII

ratios > 2 toward the peak
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. NGC4214 Mapplng |
Cormler et al 2010 (see poster)

* “. . lrregular Magellanlc type aIaxy
'2.9 Mpc away

Metallicity: 1/3 solar




4. . i : . . ‘ . : . .o %
~ N&C 4214 : ma@ping mode .
+ B1se-17 w/m2 :

Cuis8pum ~ ~ o O 11 88 pm

(co contours: F. Walter)

-

Other lines:

0 . ,+ . +01145um
. Cormier et al 2010 ‘g y . ’ s e NIl 122 um

" 0163 um | e N-11 205 pm

> .
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'NGC 22 ¢ mabﬁng modé ;

-

Ol 6¥cn 158 with C Il 158 contours

- O 111 88 / CII'158 with C Il 158 contours
- @ 435

The O III 88 um line
traces the sources of ionization °




 What do the FI
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Cllis .5% to 1% of the L1 :
All FIR lines ®gether are 2% of Lyjg  (~4% LgR)




PDR Model results

Kaufman et al PDR model
and Cll /CO =5.4e03 for I-Je2 10
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PDR modeling
. ’ ¢. . )

. low. metallicity environments, highef 158pem [ClI] / co c;bserved
, Less dust attenuation => reduces the +CO cRre, .

-
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+  Summ gry
The spat/a/ reso/ut/on Qf Herschel photometry

— hew opportunlty for detailed analyses of /nd/wdual SF regions in low™*
metaII|C|ty galaxies. '

. The 250/500 mu band ratio tracing SF in

— & see submm excess* somtlmes and large dust masses and
- sometimes low gas-to-dust mass ratios

N\ - .

-

Indwarf gaIaX|es mlssmg molecular gas mass?

The sensitivity & mapping capablljty of PACS spectroscopy
6 strong FIR-fine structure lines — will be powerful diagnostics.
Cll line widely djstributed throughout low metallicity gaIaX|es
Olll surprisingly luminous throughout galaxies.
Cll/CO hlgh is this tracing SF.in dwarfs? S

— OIII/CII > 2 on galactic scale. <Ol may be a Workhorse
diagnostic for dwarf galaxies ~

Herschel is bringing new promises for understand/ng the

nature of the star forming regions within dwarf galaxies.
; | g
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