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Extraplanar emission in isolated edge-on late-type galaxies.
I. The Ha distribution versus to the old and young stellar discs.™
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ABSTRACT

Isolated galaxies are the ideal reference sample to study the galaxy structure minimising potential environmental effects. We
selected a complete sample of 14 nearby, late-type, highly inclined (i > 80°), isolated galaxies from the Catalogue of Isolated
Galaxies (CIG) which offers a vertical view of their disc structure. We aim to study extraplanar Diffuse lonized Gas (eDIG)
by comparing the old and young disc components traced by near-infrared (NIR) and Ultraviolet (UV) imaging with the Ha
emission structure. We obtained Ho monochromatic maps from the Fabry-Perot (FP) interferometry. while the old and young
discs structures are obtained from the photometric analysis of the 2MASS K -band, and GALEX NUV and FUV images, thereby
identifying the stellar disc and whether the eDIG is present. The Ha morphology is peculiarin CI1G 71, CIG 183, CIG 593 showing
clear asymmetries. In general, geometric parameters (isophotal position angle, peak light distribution, inclination) measured
from Her, UV and NIR show minimal differences (e.g. Ai < £10°), suggesting that interaction does not play a significant role
in shaping the morphology, as expected in isolated galaxies. From Ha maps, the eDIG was detected vertically in 11 out of 14
galaxies. Although the fraction of eDIG is high, the comparison between our sample and a generic sample of inclined spirals
suggests that the phenomenon is uncorrelated to the galaxy environment. As suggested by the extraplanar UV emission found in
13 out of 14 galaxies the star formation extends well beyond the disc defined by the Hae map.

Key words: galaxies: haloes — galaxies: evolution — galaxies: ISM — galaxies: photometry — galaxies: stellar content — galaxies:
fundamental parameters

1 INTRODUCTION ‘scars’, although they have probably not experienced gravitational
influences from their close neichbours over the past billion vears.



* iccnepyetca pacnpeaeneHme apKoctu Andp@Ppy3Horo MOHM30BaAHHOIO
ra3a (eDIG) n «3Be3gHoOro» yibtTpadmnoneTta Ha pasHOM PACCTOAHUM
OT NMNNIOCKOCTU AMNCKA



MOEA

* PaccmoTpeTb M30/1MPOBaHHbIE rafiakTUKK (UTOObI UCKAIOUNTL SIPPEKTDI
B3aMmozaencteua) , Habnogaembie edge-on (i = 80¢°).

* Llenb: cpaBHUTbL BEPTUKANbHOE pacnpeaeneHue old and young discs
structures.

 Nndody3HbIn ras u yaobrpadumoner Ha z = 1-2 Knc — paKT U3BECTHbIN.

e 1nAa SMUCCUOHHOrO rasa npeanaraancb 06 vACHEHUA: BEPTUKA/IbHbIE
NOTOKM ra3a ot obnacrten SF (poHTaHbI), pacceaHme cBeTa Ha Mblaw,
aKKpeuma ra3a u nblan Ha AUCK, MOHMU3ALMA ra3a, CBA3aHHAA C BHELWHUM
BO34encTBnem, aepopmaumns AMCKa NPUAUBHbIMU CUTAMU CO CTOPOHDI
coceaen, ram pressure (e.g. Tomici€ et al. 2021; Sardaneta et al. 2022;
Boselli et al. 2022).



NGC 5775, IFP, Ho
N3 paboTbl Heald et al, 2006
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Camble pa3Hble MHEeHUA

e Ina UV BHe nnocKkoctn gucka (UV halo) npeanaranocs:

* — galactic scattered radiation, magneto-hydrodynamic phenomena,
or dust accretion from the circumgalactic or intergalactic medium.

* Shinn & Seon, 2015: The observed images are generally well-
reproduced by two dust layers and one light source layer, whose
vertical and radial distributions have exponential profiles



The presence of extraplanar emission in late-type spirals
is a direct consequence of SFR in the underlying galactic
disc (e.g Rossa & Dettmar 2000, 2003a).

We compared monochromatic Ha images with the NIR
2MASS Ks-band and UV from GALEX archive images.

[IUCK paccMaTpUBaAETCA BHYTPU 31AUMNCA, OFPaHUYEHHOro
K-nsodpoton Ha yposHe 30.



BbibopKa ranaktmk (M3 CIG) ana T>5, z<0.02

CIG Other RA (J2000)  Dec (J2000) Viys Distance i K DH5(B) Type Se0  S100 LER

Name Name (hh mm ss) (° " (km s~ (Mpc) (deg) (mag) (kpc) Jy) (Jy) (104 erg s~
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (1) (12) (13)
71 UGC 01391 01 55158 +10 00 49.2 5901 84.3 83.8 10.8 354 Sc 0.66 1.38 6.79
95 UGC 01733 02 15 20.6 +22 00 22.0 4418 63.1 86.5 11.6 33.4 Sc-w 0.22  0.64 1.49
159 UGC 03326 05 39 37.1 +77 18 44.9 4121 58.9 85.4 9.6 60.8 *Sed: 1.10  3.57 3.26
171 UGC 03474 06 32 37.6 +71 33395 3634 51.9 84.0 10.1 33.8 *Scd: 0.57 1.43 4.40
183 UGC 03791 07 1831.8 +27 09 28.7 5090 72.7 80.4 11.4 26.0 *Sd : 0.49 1.38 2.78
201 UGC 03979 07 44 31.0 +67 16 24.9 4061 58.0 80.9 10.6 314 SA(rs)c 1.18  2.86 3.39
329 UGC 05010 09 24 535.1 +26 46 28.8 4096 58.5 81.3 9.3 42.8 SA(rs)b 0.30 1.34 1.61
416 UGC 05642 102541.8 +11 44 20.8 2322 33.2 81.1 11.6 18.0 Sd -pec 0.52 1.16 2.69
593 UGC 08598 1336 40.7 +20 12 00.5 4909 70.1 83.2 10.8 355 SBx(s)b:  0.09 040 0.53
847 UGC 11132 18 09 26.2 +3847 399 2837 40.5 81.2 10.7 24.6 *Sh 0.59 1.98 5.74
906 UGC 11723 212017.5 -01 41 03.6 4899 70.0 80.9 10.0 37.9 Sbe 1.97 595 11.51
922 UGC 11785 2139 26.8 +02 49 37.6 4074 58.2 84.2 11.0 29.4 Scd-w 0.31 1.62 2.57
936 UGC 11839 21538074 +01 00 32.3 3011 43.0 83.7 11.4 38.7 Sc: 0.71 1.49 1.13
1003 UGC 12304 2301 08.3 +05 39 15.7 3470 49.6 82.5 10.3 22.9 Scd 2.06 457 15.07

Columns: (1) CIG galaxy name; (2) UGC galaxy name: (3) and (4) wes coordinates (J2000): (5) Viys: systemic velocity from NED: (6) heliocentric distance to
the galaxy; (7) i: inclination computed using the relation 1 (see the text); (8) K : apparent K ¢-band magnitude from NED: (9) D»5(B): optical diameter in the
B-band from NED; (10) Hubble classification from Buta et al. (2019) and, if not available, from NED (*); (11)and (12) flux densities at 25 ggm, 60 gm and
100 pem in Jy from Lisenfeld et al. (2007); (13) FIR luminosity computed with the equation 4 (see Section 6.2).



CIG Neighbours Distance

Name (arcsec)  (kpc)
(1) (2) (MN30nmnposdHHOCTD
rA/IARTNK
71 4 941 384.6
95 71 362 110.7
159 34 456 130.2
171 91 152 38.2
183 25 784 276.3
201 57 109 30.6
329 101 316 89.6
416 168 362 58.3
593 26 739 251.2
847 79 644 126.4
906 28 391 132.7
922 97 197 55.6
936 88 234 48.8
1003 77 118 28.4

Columns: (1) CIG galaxy name; (2) number of neighbours in a physical radius
of 0.5 Mpc; (3) and (4) distance to the nearest neighbour in arcseconds and
kpc respectively given the heliocentric galactic distance listed in Table 1.



NAHHBIE

* I[FP (GHASP) 1.93m telescope at the Observatoire de Haute-Provence
(Ha emission) — B IAHHOW PABOTE
* NU30b6paxkeHunsa R-DSS, 2MASS, GALEX, IRAS.

* Ocoboe BHUMaAHME: HEONPEAENEHHOCTU B OLEHKAX Yr/1a HaK/I0Ha,
3aBMCMMOCTb OT CMEeKTPaAbHOro AnMana3oHa.

* Ucnonb3oBaHue K-band images ana oueHKu reomeTpun 38€34HOrO
KOMMNOHEHTAa raNakTUKM
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Figure 1. Superposition of the respective FP Ha monochromatic map and GALEX NUV image of the galaxies in our sample. The ellipses fitted to the surface
brightness level at | o (white) and 3 o (yellow) of the typical background noise (see e.g. Jarrett et al. 2000) of the respective 2MASS K ;-band image are overlain
on the respective map. To distinguish the extraplanar material of each galaxy, the old stellar disc plane is traced by the ellipse fitted to the 3 o surface brightness
level. We have masked the nearest and brightest field stars to each galaxy in the UV-band images. At the distance of each galaxy (see Table 1) the kpc measure
equivalent to 30 arcsec is indicated with an arrow.
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Figure 1. Continue.
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B Pa3HbIX Ta1IdRTUKAX CUTYaAUWNA PA3/TNHHA

In the vertical direction, the Hae monochromatic maps display eDIG
configurations such as

 filamentary structures in CIG 71, 329, 593 and 1003;
* layers of diffuse gas in CIG 201, 329, 416; and

* patches or detached clouds of ionized gas emission in CIG 95, 159,
593, 922, 847 and 1003.

* We have not detected any extraplanar Ha emission in the vertical
direction in CIG 171, 906 and 936.

BaxKeH y4yeT paananbHOro rpaameHTa spocTtu (M3-3a Toro, YTO AUCKU He
TOYHO C pebpa).



e KpyXKu — “our sample”

* KBapgpatbl — 60s1ee nonHas
BbibopKa (Rossa & Dettmar 2003)
* [lyctble cumBonbl — HeT eDIG.

BbiBoAa, — Hann4yume eDIG
He 3aBUCUT OT NPUHAANEKHOCTH
K rpynnam uam napam;

B ranaktnkax edge-on amuccua

eDIG oTcyTcTBYeT Yalle BCEro He Tam,

raoe HM3Kaa ApKoctb B FIR, a Tam, rae nbinb
b6onee xonoaHas.
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Table 7. Maximum radial (r) and vertical (z) distance reached by the extra-planar component in UV and Ha emission.

MIR NUV Fuv Ha Ha Morphological
CIG M. z r Z r Z r eDIG morphology features
Name (10" Mg) (kpe) (kpe) (kpc) (kpc) (kpe)  (kpe) UV: disc dominated
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) by UV halo
71 14.1 4.2 8.8 2.0 3.9 1.2 4.7 E(r) A, Ph, UV,
95 3.6 1.8 12.1 1.8 12.1 1.8 10.4 E(r), Hu-R Ph, UV
159 3.8 1.4 10.7 1.7 0.5 9.6 E(r), Hu-R W, L(Ha), L(FUV), T
171 1.4 1.9 6.2 5.6 4.8 E(r), Hu-R A UV
183 8.1 4.5 8.0 2.6 8.0 2.8 8.0 E(r)(z), Hu-R, P A, W, K, Ph
201 5.1 2.3 10.0 2.3 8.9 1.8 8.7 E(r)(z),P.F ALK
329 31.8 3.3 8.1 1.8 6.2 1.7 4.1 E(r)(z). F B,A UV
416 2.6 1.2 7.1 [.1 6.2 1.0 2.9 E(r)(z). Hu-R, F A K. UV
593 12.1 2.5 13.0 2.1 11.0 1.6 9.3 Hu-R A.W. UV, L(Ha)
847 11.9 0.9 8.3 1.0 8.6 0.3 4.3 E(r), Hu-R W. K., Ph
906 5.1 3.1 8.0 29 8.0 1.4 F Ph, UV, L(Ha)
922 4.3 1.9 9.1 1.5 9.1 1.0 4.5 E(r), Hu-R AW, UV
936 1.0 1.7 18.4 17.7 . 1.4 Hiu-R UV, L(Ha). T
1003 6.0 3.2 4.4 1.3 1.2 1.2 E(z). F AW K. UV

Columns: (1) CIG galaxy name; (2) Stellar mass (M, ) computed with Wide-field Infrared Survey Explorer (WISE) data at MIR band (see equation C1);
(3) and (4), (5) and (6) and (7) and (8) averaged maximum radial (r) and vertical (z) distance reached by the extra-planar component at NUV, NUV and Ha
emission, respectively; (9) morphological description of the extraplanar warm gas component or eDIG: E: extended emission in radial (r)- or
vertical (z)-direction mostly, P: patches, F: filaments, H n1-R: extraplanar H u region; (10) morphological features in different wavelengths: B: bar,

A: asymmetric disc, W: warped disc, K: multiple inner emission knots, Ph: unmatching photometric maxima, UV: disc dominated by the UV halo, L(A): Low
emission detected in the wavelength band A. T: thin disc structure.



BbiBOAbI

* eDIG HabntopaeTca B abcontotHom bonbLuMHcTBe caydaes (B 11 u3 14
rafakTuK), noarsepxaas cesasb eDIG co 3Be310006pa3oBaHNEM

* B NUV BepTUKabHaA NPOTAXKEHHOCTb ANCKa AocTuraeT Heck. Knc. The
oldest star formation occurring between ~10 and 100 Myrs extends well
beyond the disc defined by the Hax map which traces the most recent SF.

 We did not find evidence that the environment plays a role in the presence
of the eDIG incidence. This confirms that the presence of eDIG in late-type
spirals is a direct consequence of the SFR.

* Further investigation of the specific mechanisms driving UV haloes (6okpye
oduckos) is needed to fully understand their origin.

* Cnepyowmm atTanom byaert nccneposaHue KnHematmkm eDIG
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