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Figure 2. Integrated intensity distributions of 2COW = 1-0) ((a)(c), black contours) and H 1 ((d}~(f), black contours) superposed with the X-ray image as shown in
Figure 1. The velocity range is Vysg = 30.5-39.5 km s~ for (a) and (d): V sz = 82.5-86.5km s~ for (b) and (¢): and V, gz = 99.5-112.5km s for (c) and (f). The
contour levels are every 3Kkms ' from 10K km s~ for (a); every 4 Kkms ™' from 18 Kkms ™' for (b); every 10 Kkms™' from 60 Kkm s~ " for (c); every
30K kms~' from 840 K km s~ for (d); every 20 K km s~ from 380 K km s~ for (¢): and every 40 K km s~ from 690 K km s~ for (f). The blue contours indicate
the boundary of the radio continuum. The contour level is 25 mJy beam ! (>450). The kinematic distances corresponding to the velocity range are indicated in the top
right of cach panel.
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Figure 3. Velocity—galactic latitude diagrams of H I superpGsed on the 2CO( = 1-0) contours in (a) the 30km s cloud, (b) the 80 kms ™' cloud, and (c) the

100 km s~ cloud. The integrated range of Galactic longjide is from 33764 to 33°71. The CO contour levels are every 0.06 K degree from 0.1 K degree for (a) and
(c); and every 0.05 K degree from 0.22 K degree for/b). The vertical and horizontal dashed lines indicate the integrated velocity range and the size of the radio-

continuum shell, respectively.
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Figure 4. Spatial distribution of the line intensity ratio between '*CO(J = 3-2) and '*CO(J = 1-0). The velocity range is Vi = 30.5-39.5kms™' for (a);
Visg = 82.5-86.5 km s~ for (b): and Vj gy = 99.5-112.5km s~ for (c). The superposed contours indicate the X-rays (white) and radio continuum (yellow). The
contour levels of the X-rays and radio continuum are the same as those in Figures 1 and 2, respectively. The IRAS point sources and H 11 regions are indicated by the
crosses and circles (see also Table 1). The regions bright in the intensity ratio of CO J = 3-2/1-0 are enclosed by dashed lines.
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Figure 5. (a) CO spectra toward clond C. The black, red. and blue spectra
represent the '*CO(J = 1-0), '*CO(J = 3-2), and “*CO(J = 1-0) emission lines,
respectively. (b) LVG results on the number density n(H;) and kincmatic
temperature Ty, plane toward cloud C. The red and blue solid lines indicate the
intensity ratios of "*COJ = 3-2)/'3CO(J = 1-0) and “COUJ = 1-0)/*COJ =
1-0), respectively. The cross represents the best-fit values of »(H;) and Ty, (for

details, see the text).
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Figure 3. Velocity-galactic latitude diagrams o 2CO(J = 1-0) contours in (a) the 30 km s~ cloud, (b) the 80 kms ™' cloud, and (c) the
100 km s~ cloud. The integrated range of G: 764 to 33°71. The CO contour levels are every 0.06 K degree from 0.1 K degree for (a) and
(c); and every 0.05 K degree from 0.22 K gfgree for (b). The vegffcal and horizontal dashed lines indicate the integrated velocity range and the size of the radio-
continuum shell, respectively.
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Figure 4. Spatial distribution of the line intensity ratio between '*CO(J = 3-2) and '*CO(J = 1-0). The velocity range is Vigg = 30.5-39.5kms~' for (3t
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. %
contour levels of the X-rays and radio continuum are the same as those in Figures 1 and 2, respectively. The IRAS point sources and H 11 regions are indicated by/the
crosses and circles (see also Table 1). The regions bright in the intensity ratio of CO J 2/1-0 are enclosed by dashed lines.
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Table 1
Properties of IRAS Point Sources and H 11 Regions around Kes 79 L \ ,?
No. Source Name I (deg) b (deg) Fi2 Fxs Feo Fioo Regions References "
Jy) Jy) Jy) Jy)
m 2) “@) 5) 6) @ ) (Y] (10)
IROI IRAS 1850140038 0.05 15 14 50.5 419 B (L))
IR0O2 IRAS 18502+0034 -0.02 25 204 158 419 E (03] N ~
IRO3 IRAS 18501+0039 0.06 27 30 505 295 B ) :} T \ 2 4 K Z N % % 75\ b
IRO4 IRAS 18503+0041 0.03 27 1.8 376 162 m ki n AN
IROS IRAS 18506+0038 -0.07 21 102 820 122 D (L)) N
IR0O6 IRAS 18496+0037 0.14 44 26 210 192 (0] M ‘ a —
IRO7 MSX5C G033.8580-00.0042 ~0.00 @ O C e a t | n g -
IRO8 IRAS 18498-+0045B 0.16 53 34 164 162 A ()]
IR0V IRAS 18498+0028 0.02 4.1 113 729 176 m
IR10 IRAS 18496+0042 0.18 1.7 34 26.3 192 A (L))
IR11 [GE91] GGD 30 IRS 8 -0.14 3)
IR12 IRAS 18498+0045A 0.17 21 34 164 141 A (0]
IR13 IRAS 1849440038 0.19 29 38 50.8 192 ()]
IR14 IRAS 18504-+0025 -0.13 26 59 98.1 305 m
Hunol [KC97¢] G033.7+00.0 0.04 - B “@
Hno2 HRDS G033.753-0.063 3375 -0.06 D 5)
Hno3 MSX6C G033.5237+00.0198 3352 0.02 ©)

Note. Column (1): numbers in Figure 4. Column (2): names of infrared point sources (IRO1-IR14) and H 1l regions (H 1101-H 1103) around Kes 79. Columns (3)—(4):
source positions in Galactic coordinates. Columns (5)-(8): fluxes of 12, 25, 60, and 100 gm. Column (9): region name defined in Section 3.3. Column (10): referenc
(1) Beichman et al. (1988), (2) Price et al. (2001), (3) Gomez de Castro & Eiroa (1991), (4) Kuchar & Clark (1997). (5) Anderson et al. (2012), (6) Egan et al. (2003).
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Figure 6. RGB image of the SNR Kes 79. The red. green, and blue colors
represent the intensity maps of the radio continuum, "“*CO(J = 1-0), and
X-rays. The superposed contours indicate '*CO(J = 1-0) integrated intensity.
The contour levels are every 3K kms ™' from 20K km s ' The integration
velocity range of CO is Vigg = 82.5-8365km s ' The position of the GeV
gamma-ray peak is indicated by the yellow cross (Auchett] et al. 2014).
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Table 2
Comparison of Physical Parameters in the 4-Ray SNRs

RX J1713.7-39%46" Vela Ir." HESS J1731-347° Kes 79" W4a4°
Age (years) 1600 2400 4000 8300 + 500 20000 |
Distance (kpc) 1 0.75 52 55 3
Diameter (pc) 17.4 11.8 22 16 25
Molecular proton mass (10* M) 0.9 0.1 5.1 1.7 40
Atomic proton mass (10* M) 1.1 25 1.3 0.2 6
Total proton mass (10* M) 20 26 6.4 1.9 46
N,(H,) (cm™?) 60 4 64 310 180
N,(HT) (cm ™) 70 96 16 50 20
No(H> + HI) (cm ) 130 100 80 360 200
N,(H,)/N,(H1) 0.9 0.04 4 6 9
Total CR proton energy ( 10* erg) 0.4' 0.7 5 5 10
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