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The Cygnus Loop
(a.k.a. Veil Nebula)

• Prototype of middle-aged SNRs 

(~20,000 year)

• Among the brightest, best-studied 

Galactic SNRs in multi-wavelengths 

• Large in angular size (~3° x 3.8°): 

~38x51 pc at 735±25 pc (Fesen+18)

• Low extinction: E(B-V)≈0.08 mag

(Parker 67)

• Its structure and physical properties 

resulting from a SN-generated 

shock wave interacting with the 

surrounding ISM (e.g., Fesen+82)
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Coexistence of  various shocks!
(collisionless, incomplete, radiative)



Spectral Mapping on SNRs
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• N49 (1.5’×1.3’): one of the best studied in the LMC

• Spectroscopic studies
• Long-slit mapping (e.g.,Pauletti & Copetti 2016)
• IFU (e.g.,Dopita+2016)
• IR mapping (e.g.,Seok+2012)

Seok+12

Dopita+16

Spectral mapping is impossible (and inefficient) for such 
a large Galactic SNR like the Cygnus Loop!
Instead, multi-object spectrograph like LAMOST can be 
a perfect and unique technique!



LAMOST 
Large Sky Area Multi-Object Fiber Spectroscopic Telescope

• Located in Xinglong station of NAOC, Hebei

province

• Large FoV (~20 deg2) and aperture (Deff~4m): 

accommodating 4000 fibers  (16 spect. x 250 

fiber)

• λ3700-9000Å with R≈1800 (2/3 slit mask: 

r~1.1”)

• DR5: released on Dec. 31, 2017

• 2747 spectra toward the Cygnus Loop

• 1543 obtained on 2016-09-30: ~3.2” seeing, 4500 

sec expos.

• 1204 obtained on 2016-11-02: ~2.6” seeing, 

1800 sec expos.
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Spatial Distribution of LAMOST Spectra 
toward the Cygnus Loop

In total, 2747 spectra in DR5 are 
found in the field (green crosses).

Classification for 778 spectra after 
first screening (circles)
Group I:  SNR-dominated (75)

Group IIa: strong SNR+ stellar (79)

Group IIb:  weak SNR + stellar (214)

Group III: stellar with weak SNR or 
ambiguous association with the SNR 
(176)

Group IV: stellar only (370)
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Background: DSS2 Red image



Exemplary 
Spectra
Group I
ü Line dominated
ü high [SII]/Ha indicative of 

shocked emission

Group IIa
ü Stellar features 

(continuum, absorption 
features, etc.) 

ü Emission lines from the 
SNR

Group III
ü Only Balmer lines
ü Only [OIII] lines
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Variation of Line Ratios
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154 spectra  (this work)

Comparison between 
different elements
✓Good correlation between 
elements with the same 
ionization level

Comparison between 
different transitions
✓ Positive correlation 
between high ionization and 
negative correlation 
between ionized and neutral 
level

17 spectra taken by Fesen+82



Variation of Line Ratios (II)

10

� Comparison between shock tracers



Electron Temperature

• [O III] T
e
~3-8x10

4
K

• Previous estimate of T
e
: ~2-

7x10
4

K with [OIII] 

(e.g.,Miller74, Fesen+82)

• [O III] ratios £10: presence 

of higher T
e

(³10
5

K)

• [NII] T
e

(only group I used)

• T
e
~1-1.5x10

4
K: much lower 

than [O III] T
e

• No correlation with [O III] T
e

• Natural consequence of 

cooling and recombination 

in the radiative zone.
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Electron Density

• Estimate of ne: ~20 to 500 cm-3

• Consistent with previous estimates of ne (~100 to 1000 cm-3; Miller74, Fesen+82) 

• LAMOST data also show the presence of ne >104 cm-3 and ne< 10 cm-3. 
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Incomplete (or truncated) Shock
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A shock that has NOT
propagated long enough to 
become radiative (Draine & 
McKee 93)

� Its emission spectrum is 
different from those 
emitted by complete 
radiative zone.

� Shocks younger than the 
cooling time to ~104K will be 
incomplete. 

Raymond+1988

Log ratio to Hb

[OIII] ll4959-5007

[O
II] 
ll

3727,3729

O
III] ll1662,1666

[OI] ll6300,6363

Cumulative Line Emission

Log NH (1oo km/s) Log NH (1oo km/s)

[O
II]

 l
l3

72
7,

37
29

[O
III

] l
l4

95
9-

50
07

[O
I] 
ll

63
00

,6
36

3

H
b



Comparison with shock models (I)

• New calculations taking incompleteness into account by introducing Tlow
• vshock=50-250 km/s, n0=3 cm-3, Tlow=1,000-15,000 K
• Compared with Raymond 1979 (vshock=50-250 km/s, n0=10 cm-3)
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Incomplete

Complete

vsh£ 70 km/s: 
cannot doubly 
ionize O
vsh³ 140 km/s: 
strong Hb

v s
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[OIII]/
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³ 6.5

Line ratios associated with incomplete shocks well explained by 5,000K £Tlow£ 7,000K



Spatial distributions of [OIII]/Hb ³ 6.5
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Comparison with shock models (II)
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Carbon and silicate depletion 
(e.g., Raymond+1980, Contini & Shaviv
1982, Sankrit+2014)



Summary & Future Prospect

• Using the LAMOST DR5, an unbiased spectroscopic study of 
the Cygnus Loop is carried out.

• Signature of incomplete shock (high [OIII]/Hβ) is found in 
various positions, indicating complex shock structures (i.e., 
coexistence of collisionless, radiative, or incomplete shocks) 
within a single SNR.

• Physical properties of the SNR could be even more diverse 
than what we currently thought (e.g., wider range of ne, etc.).

• There are more Galactic SNRs covered by the LAMOST 
survey. Stay tuned!
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