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Discovery of the Linear Carbon Chain Molecules 13CCC and C13CC Towards SgrB2(M)
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SOFIA GREAT Receiver

Front-End: LFAH Frequencies (GHz) Lines of Interest

Two 7-pixel arrays at two polarizations (H,V). 
Both polarizations can be tuned to the same 
frequency (LFAH range), or two separate 
frequencies on a best effort basis.

1835–2007
[CII] 158 μm, CO, OH, 2Π1/2,
12CH, 13CH
NEW: C3

13CCC   C13CC

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

KASSEL UNIVERSITY

SOFIA GREAT/upGREAT

SOFIA GREAT HETERODYNE RECEIVERS   

Frequencies [GHz]

2



T.F. Giesen,  A. O. Van Orden, J.D. Cruzan, R.A. Provencal, R.J. Saykally, R. Gendriesch,
F. Lewen, G. Winnewisser, Astrophys. J. 551, L181, (2001)

Lowest bending vibration of C3 at 1.9 THz
µvib = 0.4 Debye

COSSTA Terahertz-Sideband Spectrometer / Cologne
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Selection Rules: DJ  = - 1        0       +1   
P(J)   Q(J)     R(J)    



Supersonic Jet Spectrometer for Terahertz Applications (SuJeSTA)

Experimental setup at University of Kassel / Germany

4

Reaction
Chamber



Laboratory Spectra of C3 and its Isotopologues at 1.8 – 1.9 THz

Laser Ablation of Graphite

Photo by Björn Waßmuth

Lowest bending mode of 13C-substituted C3 and an experimentally derived structure
A.A. Breier, T. Büchling, R. Schnierer, V. Lutter, G.W. Fuchs, K.M.T. Yamada, B. Mookerjea, J. Stutzki, T.F. Giesen, J. Chem. Phys. 145, 23 (2016)

Supersonic Jet
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Abundances and Intensities of 12C13C12C and 13C12C12C

2  :   1

13C Substitution

𝑸𝟏𝟑𝑪𝑪𝑪 ∶ 𝑸𝑪𝟏𝟑𝑪𝑪

2   :   1

Partitionfunction

𝑰𝟏𝟑𝑪𝑪𝑪 ∶ 𝑰𝑪𝟏𝟑𝑪𝑪Line Inensity Ratio

1   :   1
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13CCC and C13CC observations 

with SOFIA GREAT and upGREAT

GREAT Receiver 

SOFIA
Observations started from New Zealand

Target : SgrB2(M)
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averaged 13CCC_Q(4) spectrum:

- 3 tunings from 2015

- 1 tuning from 2016,

corrected for sideband

absorption as derived
from 2015 tunings

13CCC_Q(2) 

CCC_Q(6)

→ convincing detection of 13CCC !

– two lines with consistent

profile

– profile consistent with lower

velocity component of C3

absorption

Data Analysis -2015: CCC_Q(6), 13CCC_Q(2), 13CCC_Q(4) (3 tunings) during 40 minutes in-flight time

- 2016: 13CCC_Q(4) (one additional tuning) during 30 minutes in flight-time
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Parameters for Observed C13CC and 13CCC

C13CC and 13CCC Observational Settings   
SOFIA/GREAT (G) and upGREAT (upG) Receivers

Ro-vibrational spectra of C13CC observed towards SgrB2(M)
H-polarization (filled spectrum), V-polarization (red).  

Ro-vibrational spectra of 13CCC observed towards SgrB2(M)

First Interstellar Detection of the Carbon Chain Molecules
13CCC and C13CC toward SgrB2(M)

T. F. Giesen, B. Mookerjea, G. W. Fuchs, A. A. Breier, D. Witsch, R. Simon, J. Stutzki, A&A 2020, 633, A120 10



Parameters for the Observed CCC Transitions. Observed CCC Transitions in SgrB2(M)

Frequency / GHz

P(12)   10      8       6        4       2  

2            4          6           8      R(10)  

Q(J)  2,4,6   

CCC  in  SgrB2(M) Tex =  44    K+5
- 4

T. F. Giesen, B. Mookerjea, G. W. Fuchs, A. A. Breier, D. Witsch, R. Simon, J. Stutzki, A&A 2020, 633, A120 

Ro-vibrational Transitions of the Main Isotopologue CCC 

Hönl-London factors for Lin. Mol. of P-S transitions:
LP(J) = J-1,      LQ(J) = 2J+1,      LR(J) = J+2

Temperature of CCC in SgrB2(M) 
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Data Analysis of C3 CCC, 13CCC and C13CC Rotational Diagram of C3 CCC, 13CCC and C13CC 
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Eq (1)

T. F. Giesen, B. Mookerjea, G. W. Fuchs, A. A. Breier, D. Witsch, R. Simon, J. Stutzki, A&A 2020, 633, A120 



Data Analysis of C3 CCC, 13CCC and C13CC Rotational Diagram of C3 CCC, 13CCC and C13CC 
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Eq (1)
Eq (2)

T. F. Giesen, B. Mookerjea, G. W. Fuchs, A. A. Breier, D. Witsch, R. Simon, J. Stutzki, A&A 2020, 633, A120 



MEASURED RATIO

N(CCC ) :  N(13CCC) :  N( C13CC)

18.6    :      1.2 :       1.0

EXPECTED RATIO

N(CCC ) :  N(13CCC) :  N( C13CC)

20       :      2.0       :       1.0

𝟏𝟐𝐂
𝟏𝟑𝐂

=  
𝟑𝑵(𝐂𝐂𝐂)

𝑵 𝟏𝟑𝐂𝐂𝐂 +𝑵(𝐂𝟏𝟑𝐂𝐂)
= 25.8

𝟏𝟐𝐂
𝟏𝟑𝐂

= 20

MEASURED RATIO EXPECTED RATIO

Results for 12C/13C Ratios

Total vs. Line by Line Ratio of Column Densities

Line by Line Ratio of Column Density 
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Eq (3)

Eq (4)

T. F. Giesen, B. Mookerjea, G. W. Fuchs, A. A. Breier, D. Witsch, R. Simon, J. Stutzki, A&A 2020, 633, A120 



Exchange and Rearrangement Reactions

Equilibrium Reaction Rate

Zero Point Energies of 
C3 Isotopologues
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1
𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑:

1.2

1

Low Temperature Equilibrium at 44 K

DG = Difference in Gibbs energy
DE0 = Difference in zero point energy

• At low temperatures of 44 K the N(13CCC)/N(C13CC) ratio 
shifts from 2.0 to 1.4, which is in much better agree-
ment with the measured ratio of 1.2(1)

• The 12C/13C ratio in SgrB2(M) derived from C3 isotopo-
logues is 20.5 +/- 4.2, which is in good agreement with 
the result of 20 derived from earlier measurements

• Need of further 13C3 measurements with SOFIA in other 
astronomical sources, including higher J-transitions
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Eq (5)

Eq (6)

T. F. Giesen, B. Mookerjea, G. W. Fuchs, A. A. Breier, D. Witsch, R. Simon, J. Stutzki, A&A 2020, 633, A120 


