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Raman He II in Young PNe



Discovery of Raman Scattered Lines

Symbiotic Star
composed of 

hot white dwarf and 

cool red giant

• Raman scattered lines are relatively broader than other emission lines.

• Schmid (1989) identify Raman Scattered O VI at 6825 Å  and 7082 Å  in V1016 Cyg.

• The incident photons are O VI λ1032 and λ1038.
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Line Broadening by Raman Scattering
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Energy Conservation

Derivation

• When far-UV photons are Raman scattered by an atomic hydrogen, the lines are broadened.

• This broadening factor are considered as the photon scatter in the non-static medium. 



Raman He II Lines

The cross section and the branching 

ratio to 2s state near Lyγ

• He II is hydrogenlike atom.

• The wavelength of He II Balmer lines are slightly shorter than H I Lyman lines.

• The wavelength of Raman He II lines are short shorter than H I Balmer Lines.



Planetary Nebula
(NGC 7027)

End Stage of 

the stars of which

𝑴∗ < 𝟖𝑴𝒔𝒖𝒏

Raman He II 4850 in PN, IC 5117 

(Lee et al 2006)

Raman He II 4850 in PN, NGC 7027

(Pequignot et al 1997)

• The spectra of Young PNe have Raman scattered lines.

• Pequignot et al 1997 reveals Raman He II in NGC 7027 first time.

• Raman He II lines are discovered in NGC 6302 (Groves et al. 

2002), IC 5117 (Lee et al. 2006) and NGC 6790 (Kang et al. 2009).
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Raman He II 6545 in J900

(BOES data)

Raman He II 4850 and 4332 in IC 5117

(CFHT data)
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Monte-Carlo Radiative Transfer Code : STaRS


