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.I Introduction: Ice

The absorption features are seen in near- and mid-IR

© YSO in our Galaxy
wof - H20 ice

Ices have information on interstellar environment
1) Sublimation temperature:

H20 90 K, CO2 50 K, CO 15K (Tielens 2005)



Shimonishi et al. (2010)

B Introduction zspm——

20 H (YSOs in LMC)

2) Interstellar chemistry & -
N(COz2)/N(H20) may depend on é :
metallicity of a galaxy — 10} ek
LMC metallicity: 1/3 Zg,,, O N ol W
O 5 o

0.17%0.03

(Shimonishi et al. 2010) Z (YSOs in our Galaxy)

- . 0O 10 20 30 40 50
3) Radiation environment N(H20) (10'7cm-2)

Radiation may play an important
role to produce CO2 ice

(e.g. Watanabe et al. 2002) Oz ice
Ices are useful tracers of Spreet
interstellar environment.

So far, ices only in our Galaxy and the LMC have been
studied very well. = ISM in nearby galaxies
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B EGNRBESDER ZTD2

PAH 3 3pum d%%éﬁ’a‘u—f b7KE= C-HRfEE— K (TY CRA)
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SYSTEMATIC STUDY OF INTERSTELLAR ICES
IN NEARBY GALAXIES
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B Dataanalysis

Column density: N = I 7101% / A

T : optical depth, v : wave number

A : Gerakines et al. (1995)

Continuum : multi-temperature blackbody
Absorption : H20, COz2 ice model — column density

For example NGC3256; N(H20) = 3.6 x 1017 (cm?)
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.I Detection: 36 / 122 galaxies

Late type : 22 CO, ice detected

M31, M63, M64, M83, M90, M94, M104, NGC253,
NGC891, NGC1097, NGC1291, NGC1566, NGC1808,
NGC2146, NGC3079, NGC3190, NGC3627, NGC3628,
NGC4041, NGC4258, NGC5430, NGC6946

Early type: 9
Cen A, 1C1459, IC3370, NGC1316, NGC3557, NGC3904,
NGC4697, NGC5018, NGC5044

[rregular : 5

ESO0495-G021, M82, NGC1614, NGC3256, NGCT7727
H20 ice detected -+ 36 galaxies
COz2 ice detected -+ 9 galaxies
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.I Detection: 36 / 122 galaxies

Late type : 22 CO, ice detected

M31, M63, M64, M83, M90, M94, M104, NGC253,
NGC891, NGC1097, NGC1291, NGC1566, NGC1808,
NGC2146, NGC3079, NGC3190, NGC3627, NGC3628,
NGC4041, NGC4258, NGC5430, NGC6946

Early type: 9
Cen A, 1C1459, IC3370, NGC1316, NGC3557, NGC3904,
NGC4697, NGC5018, NGC5044

[rregular : 5

ESO0495-G021, M82, NGC1614, NGC3256, NGCT7727
H20 ice detected -+ 36 galaxies
COz2 ice detected -+ 9 galaxies
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-I Detection: 36 / 122 galaxies

Late type : 22 CO, ice detected

M31, M63, M64, M83, M90, M94, M104, NGC253,
NGC891, NGC1097, NGC1291, NGC1566, NGC1808,
NGC2146, NGC3079, NGC3190, NGC3627, NGC3628,
NGC4041, NGC4258, NGC5430, NGC6946

Early type: 9
Cen A, 1C1459, IC3370, NGC1316, NGC3557, NGC3904,
NGC4697, NGC5018, NGC5044

[rregular : 5

ESO0495-G021, M82, NGC1614, NGC3256, NGCT7727
H20 ice detected -+ 36 galaxies
COz2 ice detected -+ 9 galaxies
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. YSOs in LMC: 0.36 #=0.09

-. N(COZ)/N(HZO) YSOs in our Galaxy: O. 17-;-0.03

Gibb et al. (2004), Shimonishi et al. (2010)
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SPATIALLY RESOLVED STUDIES OF ICES



B lIcesin NGC253 and M82

Yamagishi et al. (in prep)

Active nearby edge-on starburst galaxies (D ~3 Mpc)
We perform spatially resolved studies.

NGC253 ||

larcmin

Red:Ha, Green, Blue: optical Red:H a, Green, Blue :optical

http://www.eso.org/public/images/eso0902a/ Ohyama et al. (2002)
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.I lces in NGC253 and M82

Active nearby edge-on starburst galaxies (D ~3 Mpc)
We perform spatially resolved studies.

NGC253 =N M82

Contours: AKARI S P Contours:
AKARI 7 pm |©

all-sky survey 9 p A RO




@ Example;

NGC253
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B Example; M82

M2

Contours:
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1 These results suggest that the distribution of H20 ice may
be different from that of COz ice.
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.= N(H20), N(CO2) map
(] cozykl;tc:wwf@th KDDFIFPAHER S
COz2 ice

32

VT
[&HMY ] 7Tpm
— PAH

0 0.5 | 1.0 0 0.5

\\

> 05 10 0 05 10
Column den31ty relatlve)

a7
r&»mY ] 9pm
— PAH



K -PAH-53FHR 3
MS2 [ e

a7
[&HMY ] Tum
— PAH

1/0 KODFmIE. BFHADDHE
[ XIGHh &

0o KOE—7IE. nFEDODE—7
| D—D XS
| 0 FEDIERFIMEEHEEINT
| W3




IK-PAH-ZFHA B

aVkh7:
[&HHY ] 9pm

— PAH

Dec. offset [arcsec]

1000

2000

NN

0

3000

4000

5000

6000

Dec. offset [arcsec]

0 200 400 600 800

Sakamoto et al. (2011)



B K-PAH-BFHX 5

N/ -

L
NGC253

aVkh7:
[&HHY ] 9pm

— PAH &

WT
™ R e ¥ e AT S rve: WA,
- TRCOE—7UiL
;| |0 13CO/12COLETIER R d W
i | OBREBELTEDELS,
SRLIERCT: T EEDRB\NI T RHEE

Sakamoto et al. (2011)



B O denseclouds X diffuse clouds
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B H:Oicein NGC1097

. Kondo et al. (2012)

NGC1097 has a primary bar, inner
bar, and starburst ring in the galactic
center.

We create a spectral map of H,0 ice.
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— H20 ice

S in NGC1097

The peak of position of H20 ice is
located at the contact point of the
primary bar with the ring.

Relatively low Tex in the ring (~45 K)
High velocity dispersion (~100km/s)
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Ice formation mechanism may work 0 20 %0 Dhy/sr]
efficiently in the above condition.
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= Hsieh et al. (2011)
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