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Existence of a warm (10* K), diffuse (0.1 cm™), ionized gas
component in the Galactic disk in our Milky Way was first
suggested by Hoyle and Ellis [1] based on low frequency ra-
dio continuum observations. Further studies, primarily using
Ha emission as a tracer, revealed that this diffuse ionized gas
(DIG) is a major component of the interstellar medium, mak-
ing up to ~20% of the total Galactic gas mass and more than
90% of the ionized gas in the Milky Way galaxy [2]. Be-
cause of extinction from dust, however, optical studies of the
DIG using He are mostly limited to regions near the Sun and
do not probe the inner Galaxy, where most of the massive
star formation resides. Moreover, the relatively low spatial
and spectral resolution of most Ha surveys cannot separate
DIG emission from H 1 regions, discrete zones of ionized gas
surrounding young, massive stars. The dispersion of radio
waves from pulsars provides an extinction-free probe of the
DIG if the distance can be independently determined. Pulsar
dispersion measures, however, only provide a sparse sam-
pling of the DIG and have significant uncertainties [3].

The DIG was discovered over 50 years ago but there
remain significant questions about its origin, distribution,
and characteristics. Recently, a new tool has been used to
explore the DIG: radio recombination lines (RRLs), elec-
tronic transitions at high principal quantum numbers (1n~100)
with energies detected at radio wavelengths. RRLs pene-
trate dust in the Galactic Plane and therefore can be used to
trace DIG emission throughout the Milky Way galaxy. The
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disadvantage is that they are much weaker than Ha emission.
Recent advances in radio spectrometers, however, have al-
lowed many RRLs to be observed simultaneously and there-
fore averaged or stacked together to increase the sensitivity.
Observations of RRLs with the Green Bank Telescope (GBT)
provided the first sensitive survey in the Galactic disk with
sufficient angular resolution to separate DIG emission from
Hu regions [4]. Preliminary results indicate that the source
of the DIG emission is from ionizing stars near H regions
(51

In the current issue, Hou et al. [6] make a new RRL survey
of the DIG using the Five-hundred-meter Aperture Spherical
radio Telescope (FAST). The RRL observations are taken si-
multaneously in a piggy-back mode with the Galactic Plane
Pulsar Snapshot (GPPS) survey [7]. This GPPS RRL survey
is the most sensitive survey to date and has sufficient angular
resolution to separate DIG emission from H u regions, which
is enabled by the large single-dish aperture of the FAST and
the 19-beam receiver that significantly increases the survey
speed. When complete the GPPS RRL survey will sample
the Galactic Plane visible to the FAST within +10° in Galac-
tic latitude for a total sky area of about 2500 square degrees.
The GPPS RRL survey will therefore be able to better charac-
terize the DIG by measuring the distribution, ionization state,
and turbulent motions of the ionized gas over a larger area
and with better sensitivity.

Future instruments that are planned or under construction,
such as the Square Kilometer Array (SKA), are interferom-
eters and therefore are not sensitive to the diffuse, extended

phys.scichina.com link.springer.com


https://doi.org/10.1007/s11433-022-2038-7
phys.scichina.com
link.springer.com
https://doi.org/10.1007/s11433-022-2038-7
https://doi.org/10.1007/s11433-022-2038-7
mailto:dbalser@nrao.edu

D.S.Balser  Sci. China-Phys. Mech. Astron.  December (2022) Vol. 65 No. 12 129707-2

emission arising from the DIG. Large single-dish telescopes 7 J. L. Han, C. Wang, P. F. Wang, T. Wang, D. J. Zhou, J. H. Sun, Y.
such as the FAST are the best to probe the DIG, the last major Yan, W. Q. Su, W. C. Jing, X. Chen, X. Y. Gao, L. G. Hou, J. Xu, K.

. . J. Lee, N. Wang, P. Jiang, R. X. Xu, J. Yan, H. Q. Gan, X. Guan, W. J.
component of the Milky Way galaxy to be well characterized. Huang, J. C. Jiang, H. Li, Y. P. Men, C. Sun, B. J. Wang, H. G. Wang.

S. Q. Wang, J. T. Xie, H. Xu, R. Yao, X. P. You, D. J. Yu, J. P. Yuan,

. R. Yuen, C. F. Zhang, and Y. Zhu, Res. Astron. Astrophys. 21, 107
1 F Hoyle, and G. R. A. Ellis, Austral. J. Phys. 16, 1 (1963). (2021), arXiv: 2105.08460

R. J. Reynolds, in The Interstellar Disk-Halo Connection in Galaxies,
edited by H. Bloemen, Vol. 144, 67 (1991).
3 S.K. Ocker, J. M. Cordes, and S. Chatterjee, Astrophys. J. 897, 124 Dana S. Balser studied Engineering Physics at the University of Maine

(2020), arXiv: 2004.1 19_2_1 ’ . (B.Sc. 1983, M.Sc. 1986) and Astronomy at Boston University (Ph.D.
4 L. D. Anderson, M. Luisi, B. Liu, T. V. Wenger, D. S. Balser, T. M. ] ]
Bania, L. M. Haffner, D. J. Linville, and J. L. Mascoop, Astrophys. J. 1994). He was a Jansky Fellow at the US National Radio Astronomy Obser-

Suppl. Ser. 254, 28 (2021), arXiv: 2103.10466. vatory (NRAO) from 1994 to 1997. Since 1997 he has been at the NRAO

5 M. Luisi, L. D. Anderson, B. Liu, D. S. Balser, T. M. Bania, T. V. as an Assistant Scientist (1997-2000), Associate Scientist (2000-2010), and
Wenger, and L. M. Haffner, Astrophys. J. 889, 96 (2020), arXiv:
1912.08657.

6 L.G.Hou, J. L. Han, T. Hong, X. Y. Gao, and C. Wang, Sci. China- ily using radio spectroscopy toward H regions and planetary nebulae, to

Phys. Mech. Astron. 65, 129703 (2022), arXiv: 2211.11301. explore the formation and evolution of the Galaxy.

Scientist (2011-present). He studies the evolution of the elements, primar-


https://doi.org/10.3847/1538-4357/ab98f9
https://arxiv.org/abs/2004.11921
https://doi.org/10.3847/1538-4365/abef65
https://doi.org/10.3847/1538-4365/abef65
https://arxiv.org/abs/2103.10466
https://doi.org/10.3847/1538-4357/ab643e
https://arxiv.org/abs/1912.08657
https://doi.org/10.1007/s11433-022-2039-8
https://doi.org/10.1007/s11433-022-2039-8
https://arxiv.org/abs/2211.11301
https://doi.org/10.1088/1674-4527/21/5/107
https://arxiv.org/abs/2105.08460

	The diffuse ionized gas in the Milky Way galaxy

