Chapter 6

Summary

The work presented in this thesis can be broadly classified as a study of the relation of cold
gas (H1) and hot gas (X-ray emitting) in galaxies. While Chapters 2,3 and 4 discuss the
evolution of the H1 contents of galaxies in the presence of the hot X-ray emitting intra-group
medium (IGM), Chapter 5 deals with the relation of the H1 contents of galaxies and the hot
X-ray emitting inter-stellar medium (ISM). Here we present a brief summary of the basic
conclusions drawn from the entire work presented in this thesis.

From the statistical comparative study of the H1 contents of the galaxies in X-ray bright and

X-ray non-bright groups, presented in Chapter 2, we find,

e The galaxies in X-ray groups are deficient in H1 and have lost more gas (H1) compared

to those in non X-ray groups.

e No systematic dependence of the H1 deficiency with X-ray luminosity (L,) of the

group is found.

e IGM assisted stripping processes can be responsible for the excess gas loss found in

galaxies in X-ray bright groups.

Having found the galaxies in X-ray bright groups to be more H1 deficient compared to the
ones in non X-ray bright groups, we imaged some galaxies from X-ray bright groups in
the H1 2lcm line, to see if IGM assisted stripping has left its signature on the galaxies.

Conclusions from this work, presented in Chapter 3 are,
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e The Hi1 distributions of the galaxies look disturbed and the H1 extents truncated.

e The average value of the ratio Dy ;/D,s for the sample is 1.1 + 0.12, compared to 1.7

+ 0.05 as seen in field spirals.

e Estimates for the sample show, ram pressure can strip off as much as 50% of the Hr in

SOme Cascs.

In Chapter 4, we present the H1 observations of 2 intermediate redshift (~0.06) groups. This
work is part of an on-going project: a multiwavelength study of an unbiased sample of 25
groups, to study the cold gas and hot gas evolution of galaxies in groups at an intermediate
redshift. Though small sample size prevent us from drawing any strong conclusions about
the gas loss from these galaxies, we do find the results of this study to agree with the results

of the studies carried out with nearby groups, presented in the previous chapters.

e One galaxy in MZ5383, a group at z~0.06 and with an X-ray poor IGM, has been

detected in H1 .

e The galaxy is found to be H1 deficient, and H1 image of this galaxy suggests an in-
teraction with a neighboring large elliptical galaxy to be the likely cause of the gas

loss.

e On an average the galaxies tend to be H1 deficient. No galaxy was detected in the
group which was brighter in X-rays. More data is required to statistically check if the

H1 deficiency is related to the presence of the hot IGM.

Having studied the relation of the H1 and hot gas of the IGM, the next step was to understand
the relation of the H1 and the X-ray emitting ISM of spiral galaxies. In our quantitative,
comparative study using a sample of 34 spiral galaxies (mostly in groups), addressing the
origin of hot gas in spirals and its relation with the cold gas content, presented in Chapter 5,

we find,
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In galaxies, with SFR > 1 M,, yr~!, the X-ray emission is tightly correlated with the
FIR emission, suggesting the star formation in the galaxy to be the main contributor to

the X-ray emission.

In galaxies, with SFR < 1 M, yr!, the X-ray emission is better correlated with the
mass of the galaxy than its SFR, suggesting the mass to be the deciding factor for the

hot gas content of the galaxy.

On an average, galaxies with higher H1 deficiency show lower hot gas content— an

indirect confirmation of the Schmidt law.

However, the subsample of AGN host galaxies, show marginal increase in H1 de-
ficiency with increasing X-ray luminosity—higher probability of interacting /merger

galaxies to be AGN hosts can be a possible explanation.

181



Bibliography

[1]

(2]

[3]

M. G. Abadi, B. Moore, and R. G. Bower. Ram pressure stripping of spiral galaxies
in clusters. MNRAS, 308:947-954, October 1999.

N. J. Allsopp. Neutral hydrogen observations of the CVn I group. I - NGC 4136,
4144, 4190, IC 4182 and DDO 133. MNRAS, 188:371-383, August 1979.

M. S. Alonso, D. G. Lambas, P. Tissera, and G. Coldwell. Active galactic nuclei and
galaxy interactions. MNRAS, 375:1017-1024, March 2007.

H. Arp and J. W. Sulentic. Analysis of groups of galaxies with accurate redshifts. ApJ,
291:88-111, April 1985.

E. Bajaja, G. van der Burg, S. M. Faber, J. S. Gallagher, G. R. Knapp, and W. W.
Shane. The distribution of neutral hydrogen in the Sombrero galaxy, NGC 4594.
AG&A, 141:309-317, December 1984.

M. Balogh, R. G. Bower, 1. Smail, B. L. Ziegler, R. L. Davies, A. Gaztelu, and
A. Fritz. Galaxy properties in low X-ray luminosity clusters at z=0.25. MNRAS,
337:256-274, November 2002.

M. L. Balogh, F. R. Pearce, R. G. Bower, and S. T. Kay. Revisiting the cosmic cooling
crisis. MNRAS, 326:1228-1234, October 2001.

D. G. Barnes, L. Staveley-Smith, W. J. G. de Blok, T. Oosterloo, I. M. Stewart, A. E.
Wright, G. D. Banks, R. Bhathal, P. J. Boyce, M. R. Calabretta, M. J. Disney, M. J.

Drinkwater, R. D. Ekers, K. C. Freeman, B. K. Gibson, A. J. Green, R. F. Haynes, P. te

182



Lintel Hekkert, P. A. Henning, H. Jerjen, S. Juraszek, M. J. Kesteven, V. A. Kilborn,
P. M. Knezek, B. Koribalski, R. C. Kraan-Korteweg, D. F. Malin, M. Marquarding,
R. F. Minchin, J. R. Mould, R. M. Price, M. E. Putman, S. D. Ryder, E. M. Sadler,
A. Schrider, F. Stootman, R. L. Webster, W. E. Wilson, and T. Ye. The Hi Parkes
All Sky Survey: southern observations, calibration and robust imaging. MNRAS,

322:486-498, April 2001.

E. F. Bell and R. S. de Jong. Stellar Mass-to-Light Ratios and the Tully-Fisher Rela-

tion. ApJ, 550:212-229, March 2001.

P. Biermann and P. P. Kronberg. Detection of 10 to the 10th solar masses of hot gas
in the normal elliptical galaxy NGC 5846 with the Einstein satellite. ApJL, 268:L.69—
L73, May 1983.

P. Biermann, P. P. Kronberg, and B. F. Madore. The detection of hot intergalactic gas
in the NGC 3607 group of galaxies with the Einstein satellite. ApJL, 256:1.37-L40,
May 1982.

B. C. Bigelow and A. M. Dressler. IMACS, the multiobject spectrograph and imager
for Magellan: a status report. In M. Iye and A. F. M. Moorwood, editors, Instru-
ment Design and Performance for Optical/lnfrared Ground-based Telescopes. Edited
by Iye, Masanori; Moorwood, Alan F. M. Proceedings of the SPIE, Volume 4841, pp.
1727-1738 (2003)., volume 4841 of Presented at the Society of Photo-Optical Instru-

mentation Engineers (SPIE) Conference, pages 1727-1738, March 2003.

J. Binney. The physics of dissipational galaxy formation. ApJ, 215:483-491, July
1977.
A. Bosma. 21-cm line studies of spiral galaxies. I - Observations of the galaxies

NGC 5033, 3198, 5055, 2841, and 7331. II - The distribution and kinematics of neu-
tral hydrogen in spiral galaxies of various morphological types. AJ, 86:1791-1846,
December 1981.

183



[15] J. N. Bregman and R. A. Pildis. X-ray-emitting gas surrounding the spiral galaxy
NGC 891. ApJ, 420:570-575, January 1994.

[16] E. Brinks, E. D. Skillman, R. J. Terlevich, and E. Terlevich. High resolution HI ob-
servations of NGC 1068. In T. Courvoisier and A. Blecha, editors, Multi-Wavelength

Continuum Emission of AGN, volume 159 of IAU Symposium, pages 422—+, 1994.

[17] A.H. Broeils and M.-H. Rhee. Short 21-cm WSRT observations of spiral and irregular

galaxies. HI properties. AGA, 324:877-887, August 1997.

[18] D. A. Buote. X-ray evidence for multiphase hot gas with nearly solar Fe abundances

in the brightest groups of galaxies. MNRAS, 311:176-200, January 2000.

[19] D. A.Buote, A. D. Lewis, F. Brighenti, and W. G. Mathews. XMM-Newton and Chan-
dra Observations of the Galaxy Group NGC 5044. I. Evidence for Limited Multiphase
Hot Gas. ApJ, 594:741-757, September 2003.

[20] H. Butcher and A. Oemler, Jr. The evolution of galaxies in clusters. I - ISIT photom-

etry of C1 0024+1654 and 3C 295. ApJ, 219:18-30, January 1978.

[21] N. Caldwell, R. Kennicutt, A. C. Phillips, and R. A. Schommer. A study of star
formation in the disks of SA galaxies. ApJ, 370:526-540, April 1991.

[22] V. Cayatte, C. Kotanyi, C. Balkowski, and J. H. van Gorkom. A very large array
survey of neutral hydrogen in Virgo Cluster spirals. 3: Surface density profiles of the

gas. AJ, 107:1003-1017, March 1994.

[23] V. Cayatte, J. H. van Gorkom, C. Balkowski, and C. Kotanyi. VLA observations of
neutral hydrogen in Virgo Cluster galaxies. I - The Atlas. AJ, 100:604-634, September
1990.

[24] V. Cayatte, J. H. van Gorkom, C. Balkowski, and C. Kotanyi. VLA observations of
neutral hydrogen in Virgo Cluster galaxies. I - The Atlas. AJ, 100:604-634, September
1990.

184



[25] S. A. Cellone and A. Buzzoni. The low-luminosity galaxy population in the NGC5044
Group. MNRAS, 356:41-53, January 2005.

[26] R. Cen and J. P. Ostriker. Where Are the Baryons? ApJ, 514:1-6, March 1999.

[27] B. Chaboyer and J. P. Vader. Peculiar morphologies of four IRAS galaxies. PASP,
103:35-48, January 1991.

[28] P. Chamaraux, C. Balkowski, and E. Gerard. The H I deficiency of the Virgo cluster

spirals. A&A, 83:38-51, March 1980.

[29] P. Chamaraux and J.-L. Masnou. Spatial distribution of galaxies in the Puppis region.

MNRAS, 347:541-555, January 2004.

[30] M. S. Clemens, P. Alexander, and D. A. Green. The star formation history in the

interacting galaxies NGC 4490 and 4485. MNRAS, 307:481-490, August 1999.

[31] M. Colless, G. Dalton, S. Maddox, W. Sutherland, P. Norberg, S. Cole, J. Bland-
Hawthorn, T. Bridges, R. Cannon, C. Collins, W. Couch, N. Cross, K. Deeley, R. De
Propris, S. P. Driver, G. Efstathiou, R. S. Ellis, C. S. Frenk, K. Glazebrook, C. Jackson,
O. Lahav, I. Lewis, S. Lumsden, D. Madgwick, J. A. Peacock, B. A. Peterson, 1. Price,
M. Seaborne, and K. Taylor. The 2dF Galaxy Redshift Survey: spectra and redshifts.
MNRAS, 328:1039-1063, December 2001.

[32] J. J. Condon, M. L. Anderson, and G. Helou. Correlations between the far-infrared,

radio, and blue luminosities of spiral galaxies. ApJ, 376:95-103, July 1991.

[33] L. L. Cowie and C. F. McKee. The evaporation of spherical clouds in a hot gas. I -

Classical and saturated mass loss rates. ApJ, 211:135-146, January 1977.

[34] L. L. Cowie and A. Songaila. Thermal evaporation of gas within galaxies by a hot

intergalactic medium. Nature, 266:501-503, April 1977.

185



[35]

[39]

D. R. Crabtree and T. Smecker-Hane. Young Star Clusters and CO Gas in the Galaxy
Merger, NGC 7727 (Arp 222). In Bulletin of the American Astronomical Society, vol-
ume 26 of Bulletin of the American Astronomical Society, pages 1499—+, December

1994.

H. H. Crowl, J. D. P. Kenney, J. H. van Gorkom, and B. Vollmer. Extra-planar Gas
and Dust due to Ram Pressure Stripping of the Virgo Spiral NGC 4402. In R. Braun,

editor, ASP Conf. Ser. 331: Extra-Planar Gas, pages 281—+, June 2005.

L. P. David, C. Jones, W. Forman, and S. Daines. Mapping the dark matter in the
NGC 5044 group with ROSAT: Evidence for a nearly homogeneous cooling flow with
a cooling wake. ApJ, 428:544-554, June 1994.

R. D. Davies and B. M. Lewis. Neutral hydrogen in Virgo cluster galaxies. MNRAS,
165:231-244, 1973.

D. S. Davis, W. C. Keel, J. S. Mulchaey, and P. A. Henning. Gravitational Interactions
in Poor Galaxy Groups. AJ, 114:613-625, August 1997.

G. de Vaucouleurs, A. de Vaucouleurs, H. G. Corwin, Jr., R. J. Buta, G. Paturel, and
P. Fouque. Third Reference Catalogue of Bright Galaxies. Volume 1-3, XII, 2069

pp. 7 figs.. Springer-Verlag Berlin Heidelberg New York, 1991.

M. T. Doyle and M. J. Drinkwater. The effect of local galaxy surface density on star

formation for HI selected galaxies. MNRAS, 372:977-991, November 2006.

A. Dressler, A. J. Oemler, W. J. Couch, I. Smail, R. S. Ellis, A. Barger, H. Butcher,
B. M. Poggianti, and R. M. Sharples. Evolution since Z = 0.5 of the Morphology-

Density Relation for Clusters of Galaxies. ApJ, 490:577—+, December 1997.

G. Fabbiano, D.-W. Kim, and G. Trinchieri. An X-ray catalog and atlas of galaxies.
ApJS, 80:531-644, June 1992.

186



[44] W. Forman, J. Schwarz, C. Jones, W. Liller, and A. C. Fabian. X-ray observations of

galaxies in the Virgo cluster. ApJ, 234:1.27-1L.31, November 1979.

[45] F. Fraternali, M. Cappi, R. Sancisi, and T. Oosterloo. Diffuse X-Ray Emission from
the Spiral Galaxy NGC 2403 Discovered with Chandra. ApJ, 578:109-113, October
2002.

[46] Y. Fujita. Pre-Processing of Galaxies before Entering a Cluster. PASJ, 56:29-43,
February 2004.

[47] M. Fukugita and P. J. E. Peebles. Massive Coronae of Galaxies. ApJ, 639:590-599,
March 2006.

[48] A. M. Garcia. General study of group membership. II - Determination of nearby

groups. A&AS, 100:47-90, July 1993.

[49] J. A. Garcia-Barreto, D. Downes, and W. K. Huchtmeier. H I deficiency in the Coma
I cloud of galaxies. A&A, 288:705-712, August 1994.

[50] M. J. Geller and T. C. Beers. Substructure within clusters of galaxies. PASP, 94:421—
439, June 1982.

[51] M. Gerin and F. Casoli. Galaxies with a low gas content in the Coma I cloud of

galaxies. AGA, 290:49-58, October 1994.

[52] R. Giacconi, G. Branduardi, U. Briel, A. Epstein, D. Fabricant, E. Feigelson, W. For-
man, P. Gorenstein, J. Grindlay, H. Gursky, F. R. Harnden, J. P. Henry, C. Jones,
E. Kellogg, D. Koch, S. Murray, E. Schreier, F. Seward, H. Tananbaum, K. Topka,
L. Van Speybroeck, S. S. Holt, R. H. Becker, E. A. Boldt, P. J. Serlemitsos, G. Clark,
C. Canizares, T. Markert, R. Novick, D. Helfand, and K. Long. The Einstein /HEAO

2/ X-ray Observatory. ApJ, 230:540-550, June 1979.

[53] R. Giovanelli and M. P. Haynes. Gas deficiency in cluster galaxies - A comparison of

nine clusters. ApJ, 292:404-425, May 1985.

187



[54] R. Giovanelli and M. P. Haynes. A survey of the Pisces-Perseus supercluster. VI - The
declination zone +15.5 deg to 21.5 deg. AJ, 105:1271-1290, April 1993.

[55] Gopal-Krishna and J. A. Irwin. Radio jet-blown neutral hydrogen supershells in spiral
galaxies? A&A, 361:888-894, September 2000.

[56] H.-J. Grimm, M. Gilfanov, and R. Sunyaev. The Milky Way in X-rays for an outside
observer. Log(N)-Log(S) and luminosity function of X-ray binaries from RXTE/ASM
data. A&A, 391:923-944, September 2002.

[57] H.-J. Grimm, M. Gilfanov, and R. Sunyaev. High-mass X-ray binaries as a star for-

mation rate indicator in distant galaxies. MNRAS, 339:793—-809, March 2003.

[58] J. E. Gunn and J. R. I. Gott. On the Infall of Matter Into Clusters of Galaxies and

Some Effects on Their Evolution. ApJ, 176:1—+, August 1972.

[59] M. P. Haynes and R. Giovanelli. Neutral hydrogen in isolated galaxies. IV - Results
for the Arecibo sample. AJ, 89:758-800, June 1984.

[60] M. P. Haynes and R. Giovanelli. Neutral hydrogen observations of galaxies in super-

clusters. ApJS, 77:331-362, November 1991.

[61] G. Helou, I. R. Khan, L. Malek, and L. Boehmer. IRAS observations of galaxies in

the Virgo cluster area. ApJS, 68:151-172, October 1988.

[62] J. P. Henry, 1. M. Gioia, J. P. Huchra, R. Burg, B. McLean, H. Boehringer, R. G.
Bower, U. G. Briel, W. Voges, H. MacGillivray, and R. G. Cruddace. Groups of
Galaxies in the ROSAT North Ecliptic Pole Survey. ApJ, 449:422—+, August 1995.

[63] L. Hernquist. Tidal triggering of starbursts and nuclear activity in galaxies. Nature,

340:687-691, August 1989.

[64] L. Hernquist and J. C. Mihos. Excitation of Activity in Galaxies by Minor Mergers.
ApJ, 448:41—+, July 1995.

188



[65]

[66]

[67]

[69]

[70]

[71]

[73]

G. L. Hoffman, G. Helou, and E. E. Salpeter. Comparative properties of Virgo Cluster

dwarf irregulars and spirals. ApJ, 324:75-92, January 1988.

E. Holmberg. A photometric study of nearby galaxies. Meddelanden fran Lunds

Astronomiska Observatorium Serie 11, 128:1—+, 1950.

J. P. Huchra and M. J. Geller. Groups of galaxies. I - Nearby groups. ApJ, 257:423—
437, June 1982.

0.-G. W. K. Huchtmeier, Richter. A General Catalog of HI Observations of Galax-
ies. The Reference Catalog. A General Catalog of HI Observations of Galaxies. The
Reference Catalog. Huchtmeier, W.K., Richter, O.-G., pp. 350. ISBN 0-387-96997-
7. Springer-Verlag Berlin Heidelberg 1989, 1989.

W. K. Huchtmeier. HI-deficiency in Hickson compact groups of galaxies. A&A,
325:473-478, September 1997.

J. A. Irwin. Arcs and bridges in the interacting galaxies NGC 5775/NGC 5774. ApJ,
429:618-633, July 1994.

J. A. Irwin and D. J. Saikia. Giant Metrewave Radio Telescope observations of NGC

3079. MNRAS, 346:977-986, December 2003.

J. A. Irwin and E. R. Seaquist. The neutral hydrogen distribution of NGC 3079. ApJ,

371:111-130, April 1991.

J. A. Irwin, E. R. Seaquist, A. R. Taylor, and N. Duric. Evidence for Ram pressure
stripping of NGC 3073 by outflowing gas from NGC 3079. ApJL, 313:L91-1.94,
February 1987.

T. H. Jarrett, T. Chester, R. Cutri, S. E. Schneider, and J. P. Huchra. The 2MASS
Large Galaxy Atlas. AJ, 125:525-554, February 2003.

189



[75]

[78]

[79]

[82]

E. Jimenez-Bailon, M. Santos-Lleo, M. Dahlem, M. Ehle, M. Guainazzi, and J. M.
Mas Hess. The starburst-AGN of NGC1808 observed with XMM-Newton. ArXiv

Astrophysics e-prints, January 2003.

F. D. Kahn and L. Woltjer. Intergalactic Matter and the Galaxy. ApJ, 130:705—+,

November 1959.

H. Kaneda, T. Suzuki, T. Onaka, Y. Doi, M. Kawada, B. . Koo, S. Makiuti, T. Naka-
gawa, Y. Okada, S. Serjeant, H. Shibai, and M. Shirahata. Far-infrared distributions
in nearby spiral galaxies NGC2841 and NGC2976 observed with AKARI/FIS. ArXiv

e-prints, 706, June 2007.

N. G. Kantharia, S. Ananthakrishnan, R. Nityananda, and A. Hota. GMRT observa-
tions of the group Holmberg 124: Evolution by tidal forces and ram pressure? A&A,

435:483-496, May 2005.

R. C. Kennicutt, Jr. The Global Schmidt Law in Star-forming Galaxies. ApJ, 498:541—

+, May 1998.

J. H. Knapen. Atomic hydrogen in the spiral galaxy NGC 3631. MNRAS, 286:403—
414, April 1997.

K. A. Knierman, P. Knezek, and E. Wehner. Tidal Tales of Minor Mergers II: Star
Formation in the Tidal Debris of Minor Mergers. In American Astronomical Society

Meeting Abstracts, volume 209 of American Astronomical Society Meeting Abstracts,

pages 244.04—+, December 2006.

B. Koribalski, M. Dahlem, U. Mebold, and E. Brinks. A comprehensive study of the
peculiar spiral galaxy NGC 1808. II - VLA H I line observations. A&A, 268:14-24,
February 1993.

B. S. Koribalski, L. Staveley-Smith, V. A. Kilborn, S. D. Ryder, R. C. Kraan-

Korteweg, E. V. Ryan-Weber, R. D. Ekers, H. Jerjen, P. A. Henning, M. E. Put-

190



[89]

man, M. A. Zwaan, W. J. G. de Blok, M. R. Calabretta, M. J. Disney, R. F. Minchin,
R. Bhathal, P. J. Boyce, M. J. Drinkwater, K. C. Freeman, B. K. Gibson, A. J. Green,
R. F. Haynes, S. Juraszek, M. J. Kesteven, P. M. Knezek, S. Mader, M. Marquard-
ing, M. Meyer, J. R. Mould, T. Oosterloo, J. O’Brien, R. M. Price, E. M. Sadler,
A. Schroder, 1. M. Stewart, F. Stootman, M. Waugh, B. E. Warren, R. L. Webster, and
A. E. Wright. The 1000 Brightest HIPASS Galaxies: H I Properties. AJ, 128:16-46,
July 2004.

J. K. Kotilainen, A. F. M. Moorwood, M. J. Ward, and D. A. Forbes. The nature of
the two nuclei in the young merger NGC 3256: an obscured AGN? A&A, 305:107—+,

January 1996.

M. Krauss, A. Zezas, P. Kaaret, R. Kilgard, M. Raley, J. McDowell, and A. Prest-
wich. Chandra Observations of the nearby spiral galaxy NGC 3184. In Bulletin of the
American Astronomical Society, volume 33 of Bulletin of the American Astronomical

Society, pages 797—+, May 2001.

P. Lah, J. N. Chengalur, F. H. Briggs, M. Colless, R. de Propris, M. B. Pracy, W. J. G.
de Blok, S. S. Fujita, M. Ajiki, Y. Shioya, T. Nagao, T. Murayama, Y. Taniguchi,
M. Yagi, and S. Okamura. The HI content of star-forming galaxies at z = 0.24. MN-
RAS, 376:1357-1366, April 2007.

N. Y. Lu, G. L. Hoffman, T. Groft, T. Roos, and C. Lamphier. H I 21 centimeter
observations and I-band CCD surface photometry of spiral galaxies behind the Virgo

Cluster and toward its antipode. ApJS, 88:383—413, October 1993.

D. S. Mathewson and V. L. Ford. Parameters of 2447 Southern Spiral Galaxies for

Use in the Tully-Fisher Relation. ApJS, 107:97—+, November 1996.

M. Merchan and A. Zandivarez. Galaxy groups in the 2dF Galaxy Redshift Survey:
the catalogue. MNRAS, 335:216-222, September 2002.

191



[90] R. Mewe, E. H. B. M. Gronenschild, and G. H. J. van den Oord. Calculated X-

radiation from optically thin plasmas. V. A&AS, 62:197-254, November 1985.

[91] T. A. Miles, S. Raychaudhury, D. A. Forbes, P. Goudfrooij, T. J. Ponman, and
V. Kozhurina-Platais. The Group Evolution Multiwavelength Study (GEMS): bimodal

luminosity functions in galaxy groups. MNRAS, 355:785-793, December 2004.

[92] I. F. Mirabel and D. B. Sanders. 21 centimeter survey of luminous infrared galaxies.

ApJ, 335:104-121, December 1988.

[93] B. Moore, N. Katz, G. Lake, A. Dressler, and A. Oemler, Jr. Galaxy harassment and

the evolution of clusters of galaxies. Nature, 379:613-616, 1996.

[94] B. Moore, G. Lake, and N. Katz. Morphological Transformation from Galaxy Harass-
ment. ApJ, 495:139—+, March 1998.

[95] J. S. Mulchaey. X-ray Properties of Groups of Galaxies. ARA&A, 38:289-335, 2000.

[96] J. S. Mulchaey, D. S. Davis, R. F. Mushotzky, and D. Burstein. Diffuse X-ray emis-
sion from the NGC 2300 group of galaxies - Implications for dark matter and galaxy

evolution in small groups. ApJL, 404:1.9-L.12, February 1993.

[97] J. S. Mulchaey, D. S. Davis, R. FE. Mushotzky, and D. Burstein. An X-Ray Atlas of

Groups of Galaxies. ApJS, 145:39-64, March 2003.

[98] C. G. Mundell and D. L. Shone. Gas dynamics in the barred Seyfert galaxy NGC
4151 - I. HI streaming shocks and inflow along the bar. MNRAS, 304:475—-480, April
1999.

[99] N. M. Nagar, H. Falcke, and A. S. Wilson. Radio sources in low-luminosity active
galactic nuclei. IV. Radio luminosity function, importance of jet power, and radio

properties of the complete Palomar sample. A&A, 435:521-543, May 2005.

192



[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

P. E. J. Nulsen. Transport processes and the stripping of cluster galaxies. MNRAS,
198:1007-1016, March 1982.

T. Okamoto and M. Nagashima. Environmental Effects on Evolution of Cluster Galax-

ies in a A-dominated Cold Dark Matter Universe. ApJ, 587:500-513, April 2003.

A. Omar and K. S. Dwarakanath. The HI Content of the Eridanus Group of Galaxies.

Journal of Astrophysics and Astronomy, 26:71-88, March 2005.

T. Oosterloo, F. Fraternali, and R. Sancisi. The Cold Gaseous Halo of NGC 891. AJ,
134:1019-1036, September 2007.

J. P. F. Osmond and T. J. Ponman. The GEMS project: X-ray analysis and statistical
properties of the group sample. MNRAS, 350:1511-1535, June 2004.

D. E. Osterbrock. Interstellar Matter in Elliptical Galaxies. II. ApJ, 132:325—+,
September 1960.

N. Ota, U. Morita, T. Kitayama, and T. Ohashi. Chandra Observation of a Group of
Galaxies HCG 80: Does the Spiral-Only Group Have Hot Intragroup Gas? PASJ,
56:753-764, October 2004.

G. R. Petitpas and C. D. Wilson. Molecular Gas in Candidate Double-barred Galax-
ies. I. The Diverse Morphology and Dynamics of NGC 2273 and NGC 5728. ApJ,
575:814-825, August 2002.

T. J. Ponman and D. Bertram. Hot gas and dark matter in a compact galaxy group.

Nature, 363:51-54, May 1993.

F. Prada and C. M. Gutiérrez. A Counterrotating Central Component in the Barred

Galaxy NGC 5728. ApJ, 517:123-129, May 1999.

A. Prestwich, A. Zezas, P. Kaaret, S. Murray, R. Kilgard, D.-W. Kim, and E. Schlegel.

Chandra observations of starburst galaxies M82 and NGC 3256. In R. T. Schilizzi,

193



[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

editor, Galaxies and their Constituents at the Highest Angular Resolutions, volume

205 of IAU Symposium, pages 208—+, January 2001.

H. Quintana and J. Melnick. The correlation between X-ray luminosity and velocity

dispersion in clusters of galaxies. AJ, 87:972-979, July 1982.

J. Rasmussen. Hot gas accretion by massive spirals A view from Chandra. New

Astronomy Review, 51:99-103, February 2007.

J. Rasmussen, T. J. Ponman, and J. S. Mulchaey. Gas stripping in galaxy groups - the

case of the starburst spiral NGC 2276. MNRAS, 370:453-467, July 2006.

J. Rasmussen, T. J. Ponman, J. S. Mulchaey, T. A. Miles, and S. Raychaudhury. First
results of the XI Groups Project: studying an unbiased sample of galaxy groups. MN-
RAS, 373:653-665, December 2006.

J. Rasmussen, J. Sommer-Larsen, K. Pedersen, S. Toft, A. Benson, R. G. Bower, and
L. F. Olsen. Investigating hot gas in the halos of two massive spirals: Observations

and cosmological simulations. ArXiv Astrophysics e-prints, October 2006.

A. M. Read and T. J. Ponman. ROSAT PSPC observations of nearby spiral galaxies -

II. Statistical properties. MNRAS, 328:127-138, November 2001.

A. M. Read, T. J. Ponman, and D. K. Strickland. ROSAT PSPC observations of nearby

spiral galaxies - I. The data. MNRAS, 286:626—-668, April 1997.

W. Rice, C. J. Lonsdale, B. T. Soifer, G. Neugebauer, E. L. Kopan, L. A. Lloyd, T. de
Jong, and H. J. Habing. A catalog of IRAS observations of large optical galaxies.
ApJS, 68:91-127, October 1988.

B. J. Robinson. Hydrogen Content of Virgo Cluster Galaxies. Nature, 208:993-994,

December 1965.

194



[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

H. J. Rocha-Pinto and W. J. Maciel. The metallicity distribution of G dwarfs in the

solar neighbourhood. MNRAS, 279:447-458, March 1996.

D. B. Sanders, J. M. Mazzarella, D.-C. Kim, J. A. Surace, and B. T. Soifer. The IRAS

Revised Bright Galaxy Sample. AJ, 126:1607-1664, October 2003.

M. Schmidt. The Rate of Star Formation. ApJ, 129:243—+, March 1959.

S. E. Schneider, T. X. Thuan, C. Magri, and J. E. Wadiak. Northern dwarf and low
surface brightness galaxies. I - The Arecibo neutral hydrogen survey. ApJS, 72:245—
289, February 1990.

S. E. Schneider, T. X. Thuan, J. G. Mangum, and J. Miller. Northern dwarf and
low surface brightness galaxies. II - The Green Bank neutral hydrogen survey. ApJS,

81:5-33, July 1992.

C. Sengupta and R. Balasubramanyam. HI content in galaxies in loose groups. MN-

RAS, 369:360-368, June 2006.

C. Sengupta, R. Balasubramanyam, and K. S. Dwarakanath. HI imaging of galaxies

in X-ray bright groups. ArXiv Astrophysics e-prints, March 2007.

E. J. Shaya and S. R. Federman. The H I distribution in clouds within galaxies. ApJ,
319:76-83, August 1987.

G. S. Shostak, A. G. Willis, and P. C. Crane. An H I synthesis study of the galaxy/QSO
pair NGC 6503/1749 + 70.1. A&A, 96:393-400, March 1981.

B. J. Smith. The discovery of a long H I plume near the peculiar galaxy NGC 2782
(ARP 215). ApJ, 378:39-46, September 1991.

B. J. Smith, C. Struck, and R. W. Pogge. Atomic Hydrogen and Star Formation in
the Bridge/Ring Interacting Galaxy Pair NGC 7714/7715 (Arp 284). ApJ, 483:754—+,
July 1997.

195



[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

B. T. Soifer, L. Boehmer, G. Neugebauer, and D. B. Sanders. The IRAS Bright Galaxy

Sample. IV - Complete IRAS observations. AJ, 98:766—797, September 1989.

J. M. Solanes, A. Manrique, C. Garcia-Gémez, G. Gonzélez-Casado, R. Giovanelli,

and M. P. Haynes. The H I Content of Spirals. II. Gas Deficiency in Cluster Galaxies.

ApJ, 548:97-113, February 2001.

J. Sommer-Larsen. Where Are the “Missing” Galactic Baryons? ApJL, 644:1.1-L4,

June 2006.

L. J. Spitzer. On a Possible Interstellar Galactic Corona. ApJ, 124:20—+, July 1956.

L. J. Spitzer and W. Baade. Stellar Populations and Collisions of Galaxies. ApJ,
113:413—+, March 1951.

J. B. Stevens, R. L. Webster, D. G. Barnes, D. J. Pisano, and M. J. Drinkwater. The
HI Content of Compact Groups of Galaxies. Publications of the Astronomical Society

of Australia, 21:318-333, 2004.

D. K. Strickland, T. M. Heckman, E. J. M. Colbert, C. G. Hoopes, and K. A. Weaver. A
High Spatial Resolution X-Ray and Ha Study of Hot Gas in the Halos of Star-forming
Disk Galaxies. I. Spatial and Spectral Properties of the Diffuse X-Ray Emission. ApJS,
151:193-236, April 2004.

D. K. Strickland, T. M. Heckman, E. J. M. Colbert, C. G. Hoopes, and K. A. Weaver. A
High Spatial Resolution X-Ray and Ha Study of Hot Gas in the Halos of Star-forming
Disk Galaxies. II. Quantifying Supernova Feedback. ApJ, 606:829-852, May 2004.

M. Sun, W. Forman, A. Vikhlinin, A. Hornstrup, C. Jones, and S. S. Murray. Chandra
Observations of the NGC 1550 Galaxy Group: Implication for the Temperature and
Entropy Profiles of 1 keV Galaxy Groups. ApJ, 598:250-259, November 2003.

A. Taramopoulos, H. Payne, and F. H. Briggs. HI observations of the starburst galaxy

NGC 2146. A&A, 365:360-369, January 2001.

196



[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

R. F. Temple, S. Raychaudhury, and I. R. Stevens. X-ray observations of the edge-on
star-forming galaxy NGC 891 and its supernova SN1986J. MNRAS, 362:581-591,
September 2005.

G. Theureau, L. Bottinelli, N. Coudreau-Durand, L. Gouguenheim, N. Hallet,
M. Loulergue, G. Paturel, and P. Teerikorpi. Kinematics of the local universe. VII.

New 21-cm line measurements of 2112 galaxies. A&AS, 130:333-339, June 1998.

S. Toft, J. Rasmussen, J. Sommer-Larsen, and K. Pedersen. X-ray emission from

haloes of simulated disc galaxies. MNRAS, 335:799-806, September 2002.

A. Toomre and J. Toomre. Galactic Bridges and Tails. ApJ, 178:623—-666, December

1972.

T. Tosaki and Y. Shioya. Molecular gas in the poststarburst galaxy NGC 7331. In
Y. Sofue, editor, The Central Regions of the Galaxy and Galaxies, volume 184 of IAU

Symposium, pages 247—+, 1998.

R. B. Tully and J. R. Fisher. Catalog of Nearby Galaxies. Annales de Geophysique,
1988.

K. Tyler, A. C. Quillen, A. LaPage, and G. H. Rieke. Diffuse X-Ray Emission in

Spiral Galaxies. ApJ, 610:213-225, July 2004.

P. Tzanavaris and 1. Georgantopoulos. Searching for hidden AGN in nearby star-

forming galaxies with Chandra. A&A, 468:129-137, June 2007.

J. P. Vallee. Further Analysis of a Complete Sample in the Virgo Supercluster of

Galaxies. MNRAS, 264:665—+, October 1993.

M. Valluri and C. J. Jog. Collisional removal of H I from the inner disks of Virgo
Cluster galaxies. ApJ, 357:367-372, July 1990.

197



[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

M. Valluri and C. J. Jog. H I deficiency in cluster spiral galaxies - Dependence on

galaxy size. ApJ, 374:103-111, June 1991.

S. van den Bergh. Explosions in galaxies. Vistas in Astronomy, 22:307-319, 1978.

W. van Driel and H. van Woerden. Distribution and motions of H I in the SA galaxies

NGC 1169 and NGC 3898. A&A, 286:395-407, June 1994.

J. H. van Gorkom, C. Balkowski, and C. Kotanyi. HI Deficiency in the Virgo Cluster
- VLA Observations. In F. Mardirossian, G. Giuricin, and M. Mezzetti, editors, As-
trophysics and Space Science Library, volume 111 of Astrophysics and Space Science

Library, pages 261—+, 1984.

L. Verdes-Montenegro, M. S. Yun, B. A. Williams, W. K. Huchtmeier, A. Del Olmo,
and J. Perea. Where is the neutral atomic gas in Hickson groups? A&A, 377:812-826,
October 2001.

B. Vollmer, V. Cayatte, C. Balkowski, and W. J. Duschl. Ram Pressure Stripping and
Galaxy Orbits: The Case of the Virgo Cluster. ApJ, 561:708-726, November 2001.

M. G. Watson, V. Stanger, and R. E. Griffiths. X-ray emission from M82. ApJ,

286:144—+, November 1984.

E. H. Wehner, J. S. Gallagher, P. Papaderos, U. Fritze-von Alvensleben, and K. B.
Westfall. NGC 3310 and its tidal debris: remnants of galaxy evolution. MNRAS,
371:1047-1056, September 2006.

B. A. Williams, P. M. McMahon, and J. H. van Gorkom. VLA neutral hydrogen
imaging of compact groups of galaxies. I - HCG 31, 44, and 79. AJ, 101:1957-1968,
June 1991.

B. A. Williams and H. J. Rood. Neutral hydrogen in compact groups of galaxies.
ApJS, 63:265-294, February 1987.

198



[161] D. F. Woods and M. J. Geller. Minor Galaxy Interactions: Star Formation Rates and

Galaxy Properties. AJ, 134:527-540, August 2007.

[162] G. Worthey. Comprehensive stellar population models and the disentanglement of age

and metallicity effects. ApJS, 95:107-149, November 1994.

[163] M. S. Yun, N. A. Reddy, and J. J. Condon. Radio Properties of Infrared-selected

Galaxies in the IRAS 2 Jy Sample. ApJ, 554:803-822, June 2001.

199





