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FIGURE 2. CCD camera images, a) A single 40Ca+ trapped and cooled, b) The size of the displacement 
of the Ca+ ion reveals that exactly one unknown singly charged ion is trapped along with the 40Ca+ ion. 
c) Image where the common mode of the two-ion system along the z-axis is excited. For all images the 
exposure time was long compared to the period of the oscillation modes of the ions. 

~ 10~9 torr, or by direct photo-ionizing molecules present in the trap region. For easy 
admittance of different gasses, there is a leak valve mounted in the vacuum chamber. 
In a typical single molecular ion experiment, a molecular ion is produced and cooled 
sympathetically to a temperature of a few mK through Coulomb interactions with a 
laser cooled 40Ca+ ion. 

As most molecular ions lack closed transitions, one cannot rely on fluorescence to 
detect them directly. Another detection scheme relying on mass measurements, which 
has been demonstrated in earlier work[8], will be described in the following. 

When one 40Ca+ ion and one unknown ion is trapped and cooled, one can force the 
ions to line up along the z-axis, by making the radial trap frequency higher than the axial 
ones. Since the trapping potential is nearly harmonic along the z-axis, the two collective 
axial modes of the two ion system (a common mode and a breathing mode), can be 
written [16] 

vl = ( l + A i ) ± v / l - ^ + Ju
2 <* • " - £ 

where M\ and Mi are the masses of the two ions and Vi is the oscillation frequency of a 
single ion with mass M\. 

The common mode, v_, is excited by an harmonic oscillating modulation voltage 
applied to two of the end cap electrodes. Close to the resonance frequency of the two 
ion system, the oscillation amplitude increases dramatically, which is easily observed 
with the camera (Fig. 2c). Hence, if M\ and Vi are known (values for 40Ca+), then by 
measuring either v_ or v+, one can deduce the mass, M2, of the unknown molecular ion. 
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where vdrive *s m e drive frequency, 1$ is the ion signal, IB is the background level, 
Zo(vdrive) *s t n e mean in-phase position of the ion and 

rzivdrive) = (vdrive-%+rZ+rres (3) 

is the spatial width of the fluorescence signal with Tres being the spatial resolution of the 
imaging system, yv being the width of the resonance and av being a constant related to 
the amplitude of the forced motion. Finally, 

/ x <h{vdrive ~V~) . M. 

z o ( v ^ ) = ( v ^ _ v _ ) 2 + y , + W / (4) 
Using this model, a resonance frequency of 118.3 kHz was found for the data presented 
in Fig. 3. Since a calibration measurement with a single 40Ca+ ion gave Vi = 117.6 kHz, 
from formula (1), one finds M2 = 39.00 a.m.u. This value fits well with the tabulated 
value of 39.06 a.m.u. for C3H3". In this measurement we did not focus on eliminating 
systematical errors like the asymmetry in only applying laser cooling to one ion or the 
timing resolution of the camera system. With more careful measurements, precisions 
around 3 x 10~4 have been reached [8]. This is sufficient to discriminate between some 
molecular ion mass doublets, as for instance 13C2H2~ and 14Nj which have a relative 
mass difference of 5.8 x 10~4. 

CONCLUSION 

In conclusion, we have presented a simple detection scheme, that enables us to identify 
single molecular ions in a non-destructive way. In the future, continuously scanning of 
relevant frequency ranges equivalent to reactant and product masses, will enable us to 
follow reactions on a very slow timescale, e.g. consecutive fragmentations of metastable 
molecule complexes or chemical reactions with a background gas. 
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