Studying nearby Galaxies with
WISH

A. Boselli, LAM, France



Why Nearby Galaxies?

They are the ending point of galaxy evolution

* To study the process of star formation
* To study the matter cycle in galaxies
(gas -> star -> metals -> dust -> gas)

 To sample the full parameter space in stellar
mass (from giant to dwarfs)

* To sample different environments (field vs.
cluster)

* To resolve the different galaxy components
(nucleus, disc, bulge, spiral arms...)

e Accessible at different A



Why WISH?

 The NIR is not easily accessible from the
ground

* [t covers an interesting spectral domain
(emission and absorption lines + continuum)

Atmospheric Transmission (1mm H,0O, Zenith)

* |t still lacks of a full P T o e T e T

Cco,

co,

spectral 2D-coverage
in normal galaxies

Transmission

1 |
1 1.5 2 25 3 35 4
Wavelength (microns)



€80°T IsH

01 [118]
620'1 [11S]

200°T IsH

- 1601 mmmw _

1.0

18960 (WS], 5

- 642'T IsH

LS2'1

K|
€ce'l I8

8e2'T °H
€e2'T °H

202'T %H
L61°'T I°H

| =
i

12

004'T IsH

- 189°T 1144

91 [112d]
1%9°T 2149

119'7T €149
L 109'T %H

88G°T 114

04S°'T S14d

9GG'T 9144
44 AL
yes’T 8144

92G'T 6114
61G'T 0g1d9

gog T [6H+£538

16 1T

=

gee'2 %H

<

o et
o =
< )
> L a
< =ge
— v O
> g8
© v I
& S E
N £ wn
O oM
(an)] AN @©

. ] o [
i LBT°T I°H T Hl

8v2'2 °H

€222 %y
8122 [m1e4]

€202 %H
850°2 I°H

$£0'2 %H

46'T %H
$G6'1 IoH

¥v6'1 9149

2.3 2.4

22

Wavelength (um)

21

20

1.9

n o v o
- -

0w o

Izotov & Thuan 2011



3
2] >~
L0 ® 3 @© o
== o oo o —
= S “ i
~re L1 -
O] [}
K2, ) g8 = T
1 e} ———
T T T T \ T 7 T T T ]
S H ]
o0 o
m.
5 & |8
oo~ no o "‘ e
8 Y =2 @ 1)
T N NN R P 2™
mo— o a, -
[ L 1
T T T T L T T L ]
bl ]
© 3 ]
(=] - a 4
0 o @ T = ]
>~ ® . <+ @ hd ]
eexIe s 8 < 33 < 8 .
:“2‘0.‘0.“’.“? Q - - ] - 3 m N ]
+!—1v-1v-1v-l - e} < '_‘: o, -
oM™~ © T 9w omMm - <
QIO v v v v 123 M © =0 O
Ly Y Y o B~ 2] o =]
mommmMm M M —

................. [ T T TP N
. 1.7 1.8

'!'A\I T T T T L ]

o )

%é" Z\-irn © -

-5 N 8 ]

Bl g 8 A ]

@ |'s %c\z o b .

el Ea o o ]

Y VU R “,M,M..

| " 1 L L A T S 1 " L

2.1 2
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Hydrogen recombination

ilines

{Pap: 1.2818 pum

Paa: 1.8750 um (~0.1 Ha)
Bry: 2.1655 um

{Brp: 2.6252 pm
{Bra: 4.0512 pm

PfB: 4.6525 um

Important for measuring

{dust attenuation and star
— formation in highly

attenuated regions

Izotov & Thuan 2011



Flux (1071 erg s™! em™ &71)
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Hel 1.197

Hel 1.083

[sm] 1.029
[sm] 1.034

=T T[SmJ 0.9537 "

............................

Wavelength (um)

Fe emission lines

[Fell]: 1.257 pm
[Fell]: 1.643 um

Typical of iron enriched
shocked material such as
SN remnants in star
forming galaxies or X-ray
heating in the nucleus of
Seyferts (similar to
[O1]16300A (Edge et al.
2002)

Izotov & Thuan 2011



Combined with hydrogen
lines to constrain
— photoionisation models
presence of WR

He emission lines
Hel]: 1.701 um
Hel]: 2.058 um
Hell]: 2.189 um
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0.1

Orion

—— M82 parameters

Orion
----- ny = 10%cm™ ]
— - — - logU = -2.0
— - - - =logU = -2.5

..... n, = 10°cm .
— - — - logU = -2.0 |
— - - - =logU = =25 ]

a a1l g

35 40 45 50
T [10° K]

He emission lines

Hel]: 1.701 um
Hel]: 2.058 um
Hell]: 2.189 um

Combined with hydrogen
lines to constrain
photoionisation models
(Teff, presence of WR
stars..)

Forster-Schreiber et al. 2001



Flux (107 erg s em™ &871)
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H, roto-vibrational
emission lines

_H,:1.9576 um

H,: 2.122 um
H,: 2.224 um

{Presence of hot (~2000 K)

molecular gas in star
forming regions; excited
by UV fluorescence or

icollisions in the hot gas of

shocks (Omont 2007)
lzotov & Thuan 2011



Flux density [Jy]
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[Felll]

[0IV], [FelI]

Bii]
[SilI]

PAH emission lines

PAH: 3.3 um

Indirect tracer of star
formation

Forster-Schreiber et al. 2001
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CO absorption lines

CO: 1.620 um
CO: 2.290 um
Mg l: 1.575 um
Sil: 1.588 um
Mg l:1.711 um
Nal: 2.207 um
Cal:2.263 um

Important constraints for the
underlying stellar population

Forster-Schreiber et al. 2003
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MANGA - SDSSIII

Mapping ~ 10000 nearby galaxies with 17 IFUs
per 7deg?, A3600-10000A, R~2000

.

UCG 5124 Gas Intensity Gas Velocity Stellar age Stellar velocity



F(A) / F(5500)

Limits of optical surveys

T M82 .. | Gas attenuation using the
1 Balmer decrement:

HP j Is HPB always measurable?
A(HB) =3.3
R e ST K (HB) A4861A= 3.588
HP | K(Paa) A18750A = 0.451

4900
AAR)



A(FUV)[mag]
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PPAK Ha map

Limits of optical surveys

PACS 100 um map

NGC5668/HRS320

Possible biases do
to the detection
limit of HP

Marino et al, in prep
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A WISH spectroscopic survey of nearby
galaxies

- Dust attenuation un a sub kpc scale even in highly
attenuated galaxies (starbursts)

- New tracers of star formation (less sensitive to dust)
- Sighatures of different stellar populations

- Constraints to photoionisation/shock models for the
gas component

- PAHSs
- Kinematics?



A WISH spectroscopic survey of nearby
galaxies

Example: the Herschel Reference Survey (HRS; Boselli
et al 2010)

323 local (15<Dist<25 Mpc) of K-band selected
galaxies of all morphological type (E-SO-spirals-Irr)
and stellar mass (M* = 10°-10'1Mo) with
multifrequency data (http://hedam.lam.fr)

Angular sizes 1<diam<6 arcmin



Flux [erg/cm2/s]

A WISH spectroscopic survey of nearby
galaxies

1.E-15

1.E-16

1.E-17

WISH

1.E-18

W!ISH shallow

_____

1.E-19
0.5

1.5

2.5 3.5
Wavelength [um]

4.5

5.5

== =«Band | - JWST
w = w=«Band Il - JIWST
= == =Band Il - JWST

Band | - WISH 10A5s
Band Il - WISH 1075s

A

e = Band | - WISH 200s
wwe = Band Il - WISH 200s
s = Band Ill - WISH 200s

nyr-1
=== [011]3727 10Msun.yr-1
—O—[011]3727 20Msun.yr-1
[J Halpha 5Msun.yr-1
=== Halpha 10Msun.Yr-1
=== Halpha 20Msun.Yr-1
A de Barros et al. (2012) - 2=4.32
O  MclLure et al. (2011) - [O11]5007 - 5.3<z<8.8
@ MclLure et al. (2011) - Halpha - 5.3<2<8.8

(line predictions, courtesy
of Schaerer & de Barros)



A WISH spectroscopic survey of nearby
galaxies

(c) GOLDMine 2007

Sensitivity at Ha+[NII]
~ 6 1017 erg cm? sec? arcsec?

FOV of ~ 1 arcmin?
3x3 fields are required to cover a
typical HRS galaxy

~ WISH sensitivity in 200 sec
integration
v

~ 160 hours to cover the whole
sample
+ NIR imaging for free




A spectroscopic survey of a statistically
representative sample of nearby galaxies is
thus an excellent project for WISH

* Largest possible field of view (1x1 arcmin)

* Largest possible range in the spectral domain
(1-5 microns)

* High resolution mode (R~ 1000)






