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[C Il] Galactic Plane Survey by BICE

. Balloon-borne Infrared Carbon Explorer

. 15" angular resolution & 175 km/s velocity resolution

(a) [Cll] Line
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FiG. 8.—Far-infrared [C 1] line intensity contour map obtained by BICE with a spatial resolution of 15’. Contour levels are 0.3, 0.6, 1, 1.5,2, 3,4, 6,and 9 x 10 % ergss ! cm ™2 sr~ L. The
shading shows the observed area. Representative bright sources are labeled.



Herschel [C II] §&RIER Y — A

. Galactic Observations of Terahertz C+
(GOT C+)

~ 7L08

Herschel(3.5m)/HIFliCc &5 [C ]
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Herschel [N ll] Galactic plane survey

. [NIl] at 122 & 205 uym with PACS(5x5)

. 149 LOSs selected from GOT C+, 107(122um), 15" (205um)
. Bothe lines are detected in the range -60°< [ <60°

. [N Il] emission highly correlated with that of [C ]
. High electron density(10-30cm-3)—> [N Il] emission is not from
WIM but from dense WIM associated with SFRs, H Il regions
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Detection of 205um [N II] from Ground

« AST/RO at South Po

« The first detection of 205um

e (1./m)

N 1l] ine from ground-base

« [N Il] emission reveals the fraction of [C Il] emission arises
from the ionized gas and the neutral ISM

o« 27% of [C II] arises from the low-density ionized gas but

73% from the neutral ISM!
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[N 1] 1.46THz sRAIEY —~X-1

 F—XA7EIG [ =221°- 25° (EL>20°), |b| <1° (|p| <2°)

. 20”7 grid, AT(50)=0.75K, 10x10 beams — 75,000h (OTF)x
. BIRICEF>TOTFICKB AN Y TIRFVYY — TEAANI YT
L7=D 1.2 (OTF)—> ~2008fE >> W< DHDERIETTRA

VY TF7AEXxv Yy, XFFERBOVYY BT %X

385-540 CO (J=4-3), [C 1] 3P1-3Pg 250 0.054 K

575-735 HCI, DoH* 250 0.092 K 11.4”
775-965 CO (J=7-6), [C 1] 3P2-3P1 250 0.14 K 8.7”
1000-1060 CO (J=8-7), NH* 100 0.35K 7.4”7
1250-1380 CO (J=11-10), H2D+* 100 0.47K 5.7”
1450-1550 [N 1] 100 0.75 K* 5.0”

(*:Tsys=6000K) From Kuno’s document



SFRELRODZ7AO—7 & UTDIN 1]

[N 1] EIRE A D =&

. LIRGs & star-forming galaxies @Herschel® [N II] #HINS. EFEL
K (SFR) & HRAXE (LROFREBESLWIO—7 (Zhao et al. 2013).

e UM > TN INEREEE Linm (& /EED Lr DSKHIEHEELD H.

K D IEMERSFROEBIE LGS

log SFR = (-5.31 % 0.32) + (0.95 * 0.05) log Ly, F O This work e
[ < Brauher et al. (2008) HHFH ° o e
12 Y m82 » : o e
log Lz = (4.51% 0.32) + (0.95 + 0.05) log L[NH] [ Solid: AGN/LINER o - " :
where £ ; ‘ ]
SFR = star formation rate (M, yr™) = 11f @ -
Ly = luminosity of [NII]line (Ly)
Lz = luminosity of dust in IR (L) &
10F ]
Zhididiz UTHE—E Y 70 - ;
AT=ILTHEHTIEEXSDH? ok o o o
5 6 7 8

log(Lyyy) (L) Zhao etal. (2013)



Relationship between 2srr & [N ]
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. BEIFEZEDwarm ionized medium WIMZ&REHTELWL, LHUL
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lonized Gas in the Scutum Arm

. There is highly ionized gas within the arm with 1-20 times
electron density (0.2 - 0.9 cm-3) of the interarm WIM

. [N 1ll] emission arises from shock compression layers of the
WIM, accelerated by the gravitational potential of the arm

Scutum spiral arm tangency: | = 30.0° to 31.75°
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cny

[NH] 1

13CO |

HI/50 -
1.5 | GadssFit cgfmponeqt: -
< In Nole€ular Gas [CH] & [NI] Residual: [CII]
o P In WIM Gas [NI] 1
- ~ 13CO 1
0.5 J< ]
/ ~ o ]
4 / S~ ]
0 S o~ ]
0.5 . _
e RN _
f ’ N :
- 0 = T - - ~ —

‘ ‘100. - ‘105 """""""""" T30

(kpc)
N

tangent spectra

Sun

1

Galactic center

Sun (1=31°)

Visk

€distance from Galactic center
Scutum arm

molecular gas layer:
(Co, [Cl] & [NI])

-1

(Rg=4.40 kpc) i

inner edge 2 (Rg=4.71 kpc)

_ -1
\/LSR—1 25 kms

ionized gas layer(WIM) |
([CN] & [NII], no—CO)

2 4 6
(kpc)

Langer et al. (2017)



Spiral Arm Tangency in Southern Sky

. Scutum-Centaurus, Carina—Sagittarius, Norma, and Perseus
spiral arm tangencies in the southern visible sky from S.P. (66\’2
« WIM traced by [N II] emission arises from shock  {yn™
compression layers induced by the spiral density waves?
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Summary
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GBT Diffuse lonized Gas Survey

. GDIGS in the Galactic plane (anderson et al. 2021)

« 4 - 8 GHz radio recombination line (RRL) emission, Hna,
HnB Hny RRLs and molecular lines (ex. H2CO, CH30OH)

. Survey range: -b°<1<32.3", |bl <0.5°

. dv=0.5 km/s, spacial resolution ~ 2.65" (Hna), dT~ TOmK

+0.56°

»
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Fig. 1. The location of the eight lines of sight observed in [N 1], RRL, and [Cu], indicated + signs, superimposed on a moment O integrated
intensity map of the Hna RRL Green Bank Telescope Diffuse Ionized Gas Survey (GDIG; (Anderson et al. 2021)). None of the LOS intersect the
locations of the brightest compact emission, although many intersect with larger ionized zones.



[N II], [C ] & RRL from D-WIM
. [N Il] at 205 um toward 8 LOS by SOFIA

. T= 3400 -8500 K, high electron density n(e)=10 -35 cm-3
comparing from Herschel PACS 122 ym (Langer et al. 2021)
. Dense warm gas is from SFRs associated with molecular gas,
contribute > 50% of the observed [C ]
sorption
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Spatially Resolved [N ll] & [Cl]370um

M83 @4.5Mpc Wu et al. (2018)
NIl 205.2 um Cl 370.7 um
-29d -29d
50m le-8 50m
1.45s e 1.45s
-29d Y .29d
51m . 51Im
1.465 " 1.46s
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52m 2 52m
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-29d 15 -29d
53m 53m
1.46s 10 1.46s
0.5

-29d -29d
15;‘;2 13h 13h 13h 13h 13h 15;‘2’ 13h 13h 13h 13h 13h
' 37m 37m 37m 36m 36m ' 37m 37m 37m 36m 36m

10.58s 5.97s 1.35s 56.74s 52.13s 10.58s 5.97s 1.35s 56.74s 52.13s

The [NII]205um 1s the most widely detected emission line from the observed region of M&3.
On the contrary, the spatial distribution of the [CI] 370 um emission appears more concen-
trated around the nuclear region.



