
Spectroscopic constrains on variation of 

fundamental constants in astrophysics  

New ideas in low-energy tests of fundamental physics
16 - 20 June 2014

M G Kozlov

Petersburg Nuclear Physics Institute

&

Petersburg Electrotechnical University “LETI”

http://www.perimeterinstitute.ca/conference/new-ideas-low-energy-tests-fundamental-physics


Sesto Conference
Varying fundamental constants and 

dynamical dark energy
July 2013 (Italy)









Tunneling-rotational spectrum of Ethylene glycol
[A Viatkina & MK 2014]
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Constrain on μ-variation from observation of 

methanol lines at redshift z=0.89 
[Bagdonaite et al. Science 339, 46 (2013)]



3P2-
3P1 fine structure transition in C I 

at the redshift z=5.2

(S. A. Levshakov et al Astron. Astrophys., 

2012, 540, L9)







F=α2/µ

ΔV = (1±5) km/s

ΔF/F < 2ˣ10-5



Australian dipole
(Webb et al, Phys. Rev. Lett., 2011, 107, 191101)



NH3 and CH molecules in cold 

interstellar clouds in the Milky Way

Testing chameleon models of the 

Dark energy

Tunneling transition in NH3 is highly sensitive 

to μ-variation, while Ω-doublet transitions in

CH are sensitive to variation of both μ and α.



Radio astronomical  observations of NH3

[Levshakov et al, 2014]
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Effelsberg, 2010
mapping

L1498+L1512

Jan, 2010:

ΔV = 27 +/- 1 +/- 3 m/s

Δμ/μ = 26 +/- 1 +/- 3 ppb

Feb, 2009:

ΔV = 26 +/- 4 +/- 3 m/s

Δμ/μ = 26 +/- 4 +/- 3 ppb



additional tests:
data reproducibility

FFTS (fast  fourier transform spectrometer)

Effelsberg, 2011
mapping
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Effelsberg, 2012

New spectrometer:

independently checked by Benjamin Winkel (MPIfR)

PSW
150 sec/point

30 min/scan 
(ON+OFF)

Exposure 
time:



Time series

instability of δV ~ 10 m/s detected

XFFTS 
(eXtende
d FFTS)

Effelsberg, 2012

New spectrometer:

independently checked by Benjamin Winkel (MPIfR)

PSW
150 sec/point

30 min/scan 
(ON+OFF)

Exposure 
time:

Therefore, at present we can only place an upper bound:

Δμ/μ < 2×10-8 [Levshakov et al 2013]



Λ-doublet, or Ω-doublet transitions 

in CH

Spin-orbit interaction couples electron spin to the molecular 

axis.  When rotational energy grows, electron spin 

decouples from the axis. Then quantum number Ω is 

substituted by Λ.  Competition between Coriolis and SO 

interactions leads to strong dependence of the doubling

splitting on α and µ.





Detection of Λ-doublet transitions in CH
[Truppe et al, Nat. Commun. 4, 2600 (2013)]
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[Truppe et al, Nat. Commun. 4, 2600 (2013)]



Detection of Λ-doublet transitions in CH
[Truppe et al, Nat. Commun. 4, 2600 (2013)]





Conclusions

• In the recent years there was gradual shift of emphasis 
from optical to microwave waveband in the quest for the 
variation of the fundamental constants.

• At present there is no reliable evidence of the variation of  
constants either in space, or in time.

• Astrophysical data leads to very strict upper limits on the 
variation of constants.

• State of the art laboratory techniques are essential to 
provide high accuracy rest frame frequencies of 
important molecular transitions.

• New observations of microwave spectra at high redshifts 
are likely to lead to even stronger limits in the near 
future.


