
 ORCA – Online Research @
Cardiff

This is an Open Access document downloaded from ORCA, Cardiff University's institutional
repository:https://orca.cardiff.ac.uk/id/eprint/178303/

This is the author’s version of a work that was submitted to / accepted for publication.

Citation for final published version:

Elmegreen, B. G., Calzetti, D., Adamo, A., Sandstrom, K., Dale, D., Bajaj, V., Boyer, M. L., Duarte-Cabral,
A. , Chown, R., Correnti, M., Dalcanton, J. J., Draine, B. T., Gaches, B., Gallagher, J. S. III, Grasha, K.,

Gregg, B., Hunt, L. K., Johnson, K. E., Kennicutt, R. Jr., Klessen, R. S., Leroy, A. K., Linden, S., McLeod,
A. F., Messa, M., Ostlin, G., Padave, M, Roman-Duval, J., Smith, J. D., Walter, F. and Weinbeck, T. D. 2025.

An investigation of disk thickness in M51 from H-alpha, Pa-alpha, and mid-infrared power spectra. The
Astrophysical Journal 

Publishers page: 

Please note: 
Changes made as a result of publishing processes such as copy-editing, formatting and page numbers may
not be reflected in this version. For the definitive version of this publication, please refer to the published

source. You are advised to consult the publisher’s version if you wish to cite this paper.

This version is being made available in accordance with publisher policies. See 
http://orca.cf.ac.uk/policies.html for usage policies. Copyright and moral rights for publications made

available in ORCA are retained by the copyright holders.



An Investigation of Disk Thickness in M51 from Ha, Paa, and Mid-lnfrared Power Spectra 

BRUCE G. ELMEGREEN,1 DANIELA CALZETTI,2 ANGELA ADAM0,3 KARIN SANDSTROM,4 DANIEL DALE,5 VARUN BAJAJ,6 

MARTHA L. BOYER,6 ANA DUARTE-CABRAL,7 RYAN CHOWN,8 MATTEO CORRENTI,6 JULIANNE J. DALCANTON,9• 10 

BRUCE T. DRAINE,11 BRANDT GACHES,12 JOHN 8. GALLAGHER, 111, 13 KATHRYN GRASHA,14
•

15 BENJAMIN GREGG,2 

LESLIE K. HUNT,16 KELSEY E. JOHNSON,17 ROBERT KENNICUTT, JR.,18
•

19
•

20 RALF 8. KLESSEN,21
•

22
•

23
•

24 ADAM K. LEROY,25 

SEAN LINDEN,20 ANNA F. McLEOD,26
•

27 MATTEO MESSA,28 GORAN OsTLIN,3 MANSI PADAVE,29 JULIA RoMAN-DuvAL,6 

J.D. SMITH,3° FABIAN WALTER,31 AND TONY D. WEINBECK5 

1 Katonah, NY 10536, USA 
2 Department of Astronomy, University of Massachusetts Amherst, 710 North Pleasant Street, Amherst, MA 01003, USA 

3 Department of Astronomy, The Oskar Klein Centre, Stockholm University, AlbaNova, SE-10691 Stockholm, Sweden 
4 Department of Astronomy B Astrophysics, University of California, San Diego, 9500 Gilman Drive, La Jolla, CA 92093 

5 Department of Physics and Astronomy, University of Wyoming, Laramie, WY 82071, USA 
6 Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA 

7 School of Physics and Astronomy, Cardiff University, The Parade, Cardiff, CF24 3AA, United Kingdom 
8 Department of Astronomy, Ohio State University, 180 W. 18th Ave, Columbus, Ohio 43210 

9 Astronomy Department, University of Washington, Seattle, WA 98195, USA 
10 Center for Computational Astrophysics, Flatiron Institute, 162 Fifth Avenue, New York, NY 10010, USA 

11 Department of Astrophysical Sciences, Princeton University, Princeton, NJ 08544, USA 
12 Department of Space, Earth and Environment, Chalmers University of Technology, Gothenburg SE-412 96, Sweden 

13 Department of Astronomy, University of Wisconsin-Madison, 475 N. Charter St., Madison, WI 53706, USA 
14 Research School of Astronomy and Astrophysics, Australian National University, Canberra, ACT 2611, Australia 

15 ARC Centre of Excellence for All Sky Astrophysics in 3 Dimensions (ASTRO 3D), Australia 
16 INAF - Osservatorio Astrofisico di Arcetri, Largo E. Fermi 5, 50125 Firenze, Italy 

17 Department of Astronomy, University of Virginia, Charlottesville, VA, USA 
18 Department of Physics and Astronomy, Texas ABM University, 578 University Drive, College Station, TX 77843, USA 

19 George P. and Cynthia W. Mitchell Institute for Fundamental Physics B Astronomy, Texas ABM University, 578 University Drive, 
College Station, TX 77843, USA 

20 Department of Astronomy and Steward Observatory, University of Arizona, 933 N. Cherry Avenue, Tucson, AZ 85721, USA 
2 1 Universitat Heidelberg, Zentrum fiir Astronomie, Institut fiir Theoretische Astrophysik, Albert-Ueberle-Str. 2, 69120 Heidelberg, 

Germany 
22 Universitat Heidelberg, Interdisziplinares Zentrum fiir Wissenschaftliches Rechnen, Im Neuenheimer Feld 225, 69120 Heidelberg, 

Germany 
23 Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA 

24 Elizabeth S. and Richard M. Cashin Fellow at the Radcliffe Institute for Advanced Studies at Harvard University, 10 Garden Street, 
Cambridge, MA 02138, USA 

25 Department of Astronomy, The Ohio State University, 4055 McPherson Laboratory, 140 West 18th Avenue, Columbus, OH 43210, USA 
26 Centre for Extragalactic Astronomy, Department of Physics, Durham University, South Road, Durham DH1 3LE, UK 

27 Institute for Computational Cosmology, Department of Physics, Durham University, South Road, Durham DH1 3LE, UK 
28 INAF-Osservatorio di Astrofisica e Scienza dello Spazio di Bologna, Via Gobetti 93/3, 1-40129 Bologna, Italy 

29 Department of Astronomy and Astrophysics, University of California, San Diego, 9500 Gilman Drive, La Jolla, CA 92093, USA 
30 Ritter Astrophysical Research Center, University of Toledo, Toledo, OH 43606, USA 
31 Max-Planck-Institut fiir Astronomie, Konigstuhl 17, D-69117, Heidelberg, Germany 

ABSTRACT 

Power spectra (PS) of high-resolution images of M51 (NGC 5194) taken with the Hubble Space 
Telescope and the James Webb Space Telescope have been examined for evidence of disk thickness in 
the form of a change in slope between large scales, which map two-dimensional correlated structures, 
and small scales, which map three-dimensional correlated structures. Such a slope change is observed 
here in Ha, and possibly Paa, using average PS of azimuthal intensity scans that avoid bright peaks. 
T he physical scale of the slope change occurs at ~ 120 pc and ~ 170 pc for these two transitions, 

































17 

Hubble Space Telescope obtained from the Space Telescope Science Institute, which is operated by the Association 
of Universities for Research in Astronomy, Inc., under NASA contract NAS 5-26555. Data presented in this article 
were obtained from the Mikulski Archive for Space Telescopes (MAST) at the Space Telescope Science Institute. The 
specific observations analyzed can be accessed via DOI:10.17909/jp5q-s259 (Dataset Title: M51/Elmegreen/Calzetti). 
Support for programs GO # 1783 and GO #3435 was provided by NASA through grants from the Space Telescope 
Science Institute. VJ and BG acknowledge support from grant JWST-GO-01783; K.S., D.D., M.L.B., D.C., A.K.L., 
and J.D.S. acknowledge support from grant JWST-GO-03435. A.A. acknowledges support from the Swedish National 
Space Agency (SNSA) through grant 2021-00108. R.S.K. acknowledges financial support from the European Research 
Council via the ERC Synergy Grant "ECOGAL" (project ID 855130), from the German Excellence Strategy via 
the Heidelberg Cluster of Excellence (EXC 2181 - 390900948) "STRUCTURES", and from the German Ministry for 
Economic Affairs and Climate Action in project "MAINN" (funding ID 50002206). R.S.K. also thanks the 2024/25 
Class of Radcliffe Fellows for their company and for highly interesting and stimulating discussions. K.G. is supported 
by the Australian Research Council through the Discovery Early Career Researcher Award (DECRA) Fellowship 
(project number DE220100766) funded by the Australian Government. A.D.C. acknowledges the support from the 
Royal Society University Research Fellowship URF /Rl/191609. 
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