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AGB star (O- / C- rich)
[C/O] > 1[C/O] < 1



 Maser emission in circumstellar envelop

Bright & common maser species in c-rich AGB stars ?



HCN in C-rich AGB stars

• HCN is abundant in C-rich AGBs  
[HCN/H2] ~ 10-5  
(Schöier et al. 2013) 

• Form close to the star  (e.g. Cherchneff  2006) 
 

• HCN masers exist in > 30 carbon stars  
(e.g. Menten et al. 2018, Jeste et al. 2022) 

• Strong HCN masers in ground and excited 
vibrational states） 
e.g. (0, 2, 0), J = 1–0  (Guilloteau et al. 1987, 1988) 
          (0, 0, 0), J = 1–0 (Izumiura et al. 1995) 
          (0, 1^1e, 0), J = 2–1 (Jeste et al. 2022)  
           ~ a few hundred Jy



BrBright HCN laser lines found in Lab 
• First ‘HCN’ laser was found in lab (Gebbie et al. 1964) 
• Strong HCN laser confirmation & wavelength measurements 

(Lide & Maki 1967, Hocker & Javan 1967 ) 
• Rotation-vibration interactions of (1, 1^1e, 0) and (0, 4^0, 0) states 

Discovery in lab

Confirmation of HCN laser

Coriolis-coupled  
system

Coupling



HCN Laser in astronomy

• (0, 4^0, 0), J= 9–8 (Schilke et al. 2000): 805 GHz  

• (1, 1^1e, 0)–(0, 4^0, 0) , J= 10–9 (Schilke & Menten 2003): 891 GHz  

~ 9230 Jy 

CSO spectra ALMA image

R  Lep

 ~1.1×10^8 K 
 @ 5.4 mas x 4.9 mas

(Schilke & Menten 2003) (Asaki et al. 2023)
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 Impossible ground-based observations (> 950 GHz)

SOFIA Herschel• SOFIA (Stratospheric Observatory For Infrared Astronomy) 
2010 – 2022 Sep.  /  2.5 m  
4GREAT (German REceiver  for Astronomy at Terahertz Frequencies) 

• Herschel  
2009 May — 2013 Jun.  / 3.5 m  
HIFI (Heterodyne Instrument for the Far- Infrared)



SOFIA observations   &   Herschel Archives

• SOFIA / 4GREAT observations (PI: K. M. Menten; Project id: 83_0625) 
> IRC+10216 : 891, 964, 968, 1055 GHz  
> CIT 6, Y CVn, S Cep: 964, 968 GHz 
> One flight observations on 2018 Dec. 17, beam size: 26” — 31”, channel spacing: ~0.1 5 km/s

• Archival Herschel / HIFI data (PIs: J. Cernicharo, E. De Beck; 6 projects) 
> observations that cover all 6 lines: 805, 891, 894, 964, 968, 1055 GHz 
> 8 stars: IRC+10216, CIT 6, Y CVn, S Cep, IRC+50096, V Cyg, II Lup, CRL 3068 
> IRC+10216:  observed in 6 epochs from 2010 May — 2013 Apr. 
>  beam size: 20” — 26”, channel spacing: ~0.1 5  km/s
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• SOFIA / 4GREAT observations (PI: K. M. Menten; Project id: 83_0625) 
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• Archival Herschel / HIFI data (PIs: J. Cernicharo, E. De Beck; 6 projects) 
> observations that cover all 6 lines: 805, 891, 894, 964, 968, 1055 GHz 
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> IRC+10216:  observed in 6 epochs from 2010 May — 2013 Apr. 
>  beam size: 20” — 26”, channel spacing: ~0.1 5  km/s

• Detection overview 
> 805, 891, 964 GHz: detected in 7 / 8 stars 
> 968 GHz: detected in 6 / 8 stars 
> 1055 GHz: detected in 5 / 8 stars 
> 894 GHz: 0 star 
> CRL 3068: no HCN laser lines detected

Widespread !

 [Yang et al. 2025, A&A, 696, A60] 



IRC+10216: HCN Laser detections

805 891
964 968

1055

Discovery of HCN laser transitions  
at 964, 968 & 1055 GHz  

in space



Laser variability (line profile)
Look in this direction

Dramatically changed 
(number of laser features / feature widths /  peak 

velocities / peak intensities / integrated intensities)

891 964



Laser Variability (intensity vs. NIR light curve)

Integrated intensity Peak intensity

Two variation patterns  
Cross-ladder lines (891 & 964 GHz)  

Rotational lines (804, 968 & 1055 GHz)



Laser comparison
Look in this direction

Isotropic luminosity (photon rate)  
~ 10^44 /s

Very bright! Half of the 891 
GHz laser 

 (~ 10^44 /s) ~ 10^43-44 /s ~ 10^43 /s

~ 10^43 /s

2nd strong

3rd strong

Strongest!



HCN Laser excitation

Observation Findings: 

Match the scenario revealed in early 
laboratory studies  

(Maki & Blaine 1964; Lide & Maki 1967) 

Cross-ladder lines 
(891 & 964)  

dominate the 
population

Chemical pumping

Possible [Yang et al. 2025, A&A, 696, A60] 

Direct formation of HCN molecules in vibrationally excited states  

5. 894 GHz line was  not 
detected in any observed targets 

4. 804 GHz laser co-exists 
with 891 GHz laser 

3. 968 GHz laser stronger than  
1055 GHz laser

1.  891 GHz laser always strongest

2. 964 GHz laser is similar to  
891 GHz laser, 2nd strong



Outlook

Cr: H. Linz 

ALMA Cycle 6  (main 12 m array) 
> 805 GHz: R For, R Lep, CQ PyX, V Hya 
> 891 GHz:  R For, R Lep, CQ PyX, V Hya, IRC+10216, X Vel 

ALMA Cycle 10 (ACA  array) 
> 805, 891 & 894 GHz 
> 36 stars to be observed 

 PI: Ka Tat Wong

Challenging phase calibration 
Lack of nearby, bright-enough quasars  

Self-calibration with HCN laser lines  

Achieving angular resolution of <10 mas with ALMA  
→ stellar surface tomography, hydrodynamics 



 [Yang et al. 2025, A&A, 696, A60] 

HCN 
 Lasers 

For memory of Prof. Karl Menten• Discovery of three HCN Laser lines in space： 
964，968  & 1055 GHz  

• Systematically study the HCN Lasers in the 
Coriolis-coupled  system: 
variability, excitation & possible pumping 
mechanisms

Thanks!

Summary


