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ü  First detection of OH+ in Planetary Nebulae 
(PNe) with Herschel!

ü  Characteristics of the emission !

ü  Detection of OH, CH+ and CO!

ü  Possible influence of X-rays in the 
chemistry of PNe!

!
ü  Planetary Nebulae (PNe) can be interesting 

Astrochemistry “Laboratories” for Hydrides!

!



Credit:	
  NASA	
  and	
  the	
  Night	
  Sky	
  Network	
  

PNe are the ionized ejecta of old !
low- to intermediate-mass stars!

!

PNe are an important part of the cycle of 
matter in galaxies – “pollute” the ISM!!

	
  



!
ü  Good ‘laboratories’ to test the 

chemistry in strong radiation fields!
ü  relatively simple systems!
ü  spatially resolved!

!
ü  Several molecules already detected 

in PNe!

H2	
  in	
  NGC	
  2346	
  



Molecules Detected in the Interstellar and Circunstellar 
Medium (PNe in Blue)!

+ PAHs... 

Source: The Cologne Database  
              for Molecular Spectroscopy 



Open time !
PI: Toshiya Ueta (Denver U.)!

11 Planetary Nebulae (PNe)!

Close à Distance < 1.5 kpc!
²  Spatially resolved by PACS!

Well known!
²  Observed other wavelengths !
²  Many previous studies!

PACS + SPIRE!
Spectra + Photometry!

Image Credits: HST, Chandra, AAT, Herschel, ESA"



OH+ Detection - SPIRE!

Aleman et al. (2014), Etxaluze et al. (2014)"

!



OH+ Detection – PACS !

Aleman et al. (2014), Etxaluze et al. (2014)"

!



OH+ Rotational Level!



Aleman et al. (2014)"

!



PDR, χ ~ 2-10 , n ~104 cm-3"

Aleman et al. (2014)"

!



Aleman et al. (2014)"

!



OH Detection - PACS!

Aleman et al. (2014)"

!

OH 119µm 



Ex: NGC 6445 

Aleman et al. (2016, in preparation)"
!

CO and CH+ detected in the 
same PNe we see OH and OH+!

!



Image Credits: HST, Chandra, AAT, Herschel, ESA"

OH+	
  Detections	
  

Non	
  Detections	
  
HerPlaNS"

Aleman et al. (2014) "



Image Credits: HST, Chandra, AAT, Herschel, ESA"

OH+	
  Detections	
  

Non	
  Detections	
  
HerPlaNS + MESS Sample"

Aleman et al. (2014) + Etxaluze et al. (2014)"



PN! T*!
(103 K)!

X-Rays! C / O! H2! PAHs! OH+! OH! CH+! CO! CO Lit!

NGC 7027" 175" D" 2.29" Y" Y" N" N" Y" Y" Y"

NGC 6445! 170! P! 0.45! Y! Y! Y! Y! Y! Y! Y!

NGC 6720! 148! No Det.! 0.62! Y! Y! Y! Y! Y! Y! Y!

NGC 6853! 135! P! --! Y! N! Y! --! --! --! Y!

NGC 6781! 112! No Det.! 1.0! Y! Y! Y! Y! Y! Y! Y!

NGC 7293! 110! P! 0.87! Y! N! Y! --! --! Y! Y!

Mz 3" 30-107" D,P" 0.83" N" N" N" N" N" N" Y"

NGC 3242" 89" D" --" N" N" N" N" N" N" N"

NGC 7009" 87" D,P" 0.32" N" N" N" N" N" N" N"

NGC 7026" 83" D,P?" --" Y" Y" N" N" N" N" N"

NGC 6826" 50" D,P" 0.87" N" N" N" N" N" N" N"

NGC 40" 48" D" 1.41" Y" Y" N" N" N" N" N"

NGC 6543" 48" D,P" 0.44" N" N" N" N" N" N" N"

NGC 2392" 47" D,P" 1.14" Y" N" N" N" N" N" N"

Mata	
  	
  

HerPlaNS + MESS:"
à 5 out of 14 molecule-rich"

Aleman et al. (2016, in preparation)"
!



Mata	
  	
   Aleman et al. (2016, in preparation)"
!

PN! T*!
(103 K)!

X-Rays! C / O! H2! PAHs! OH+! OH! CH+! CO! CO Lit!

NGC 7027" 175" D" 2.29" Y" Y" N" N" Y" Y" Y"

NGC 6445! 170! P! 0.45! Y! Y! Y! Y! Y! Y! Y!

NGC 6720! 148! No Det.! 0.62! Y! Y! Y! Y! Y! Y! Y!

NGC 6853! 135! P! --! Y! N! Y! --! --! --! Y!

NGC 6781! 112! No Det.! 1.0! Y! Y! Y! Y! Y! Y! Y!

NGC 7293! 110! P! 0.87! Y! N! Y! --! --! Y! Y!

Mz 3" 30-107" D,P" 0.83" N" N" N" N" N" N" Y"

NGC 3242" 89" D" --" N" N" N" N" N" N" N"

NGC 7009" 87" D,P" 0.32" N" N" N" N" N" N" N"

NGC 7026" 83" D,P?" --" Y" Y" N" N" N" N" N"

NGC 6826" 50" D,P" 0.87" N" N" N" N" N" N" N"

NGC 40" 48" D" 1.41" Y" Y" N" N" N" N" N"

NGC 6543" 48" D,P" 0.44" N" N" N" N" N" N" N"

NGC 2392" 47" D,P" 1.14" Y" N" N" N" N" N" N"

	
  

Molecule-­‐Rich	
  PNe	
  have:	
  
	
  

*	
  Central	
  Stars	
  with	
  High	
  Teff	
  
(Some	
  are	
  soft	
  X-­‐rays	
  point	
  sources)	
  

	
  
*	
  No	
  Diffuse	
  X-­‐Ray	
  emission	
  (hard	
  X-­‐rays)	
  

	
  
*	
  C/O	
  <~	
  1	
  	
  

HerPlaNS + MESS:"
à 5 out of 14 molecule-rich"



ü  NGC 7027 has a very hot central star!
ü  But no OH+ is detected!
ü  C-rich: C/O ~ 3!
ü  X-Ray: hard + diffuse emission detected 

(see Kastner et al. 2012)!

   !

Wesson et al. (2010)!

   !



Other objects with  
OH+ emission!

•  Active	
  Galactic	
  Nuclei	
  	
  
	
  	
  	
  	
  Mrk	
  231	
  

	
  	
  	
  	
  (HIFI;	
  van	
  der	
  Werf	
  et	
  al.	
  2010)	
  
	
  

•  Orion	
  Bar	
  and	
  Ridge	
  	
  
	
  	
  	
  	
  PDR	
  prototype	
  
	
  	
  	
  	
  (HIFI;	
  van	
  der	
  Tak	
  et	
  al.	
  2013)	
  
	
  

•  Crab	
  Nebulae	
  	
  
	
  	
  	
  Supernova	
  Remnant	
  
	
  	
  	
  (SPIRE;	
  Barlow	
  et	
  al.	
  2013)	
  

+	
  Absorption	
  
	
  	
  	
  	
  ISM	
  diffuse	
  clouds	
  

	
  



ü  Next Step: Models!

ü  Self-consistent !
ü  Ionized Region + PDR!
ü  Soft X-rays!
!
ü  CLOUDY (Ferland et al. 2013) !
     + AANGABA (Gruenwald & Viegas 1992)!
     !

H+!

Gás !
Ionizado!

Gás !
Ionizado!

Gás !
Neutro!

!

Gás !
Molecular!

H0! H2!
Vento Estelar !
(Anã Branca)!

(H) Ionized Gas! Neutral/Molecular !
Region!



Preliminary Models - CLOUDY!

Cloudy v.15 (beta version)!
Ferland et al (2013) !

+ Updates to be published!



Preliminary Models - AANGABA!

Code described in !
Kimura et al. (2012) and 

references therein!



ü  1st detection of OH+ in PNe  
          à HerPlaNS + MESS teams 

ü  OH+ emission 
ü detected from PNe that produce high-energy photons 

à T* > 100 000 K 
ü produced in the ring/torus-like structures à P/XDRs! 

ü  Abundance and Excitation 
ü N(OH+) ~ 1010  - 1011 cm-2   |  n(OH+) ~ 104 cm-2  |         

Non-thermal exc. 

ü  Molecule Rich PNe: 
ü High T* (soft X-rays) 
ü No Diffuse Hard X-Rays 
ü Chemistry depends on C/O ratio 

Aleman et al. (2014) + Aleman et al. (2017, in preparation)"
!
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