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Experimental setup

By coherently transferring to the clock state, we could 
outcouple an atom laser beam from the steady-state BEC.

Continuous Bose-Einstein condensate
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We observe several Rabi oscillations 
at a flipping frequency of 2π × 37.4(6) kHz
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STIRAP is typically restricted to odd-level 
systems. We made it work for four levels.

To avoid  destructive 
interference from the 
magnetic sublevels in 
the 3P1 and 3S1 states, 
we carefully choose  
our laser polarizations. 
We use a small 
magnetic field to setup 
the quantization axis.
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Three-photon transition
Directly driving the 1S0-3P0clock transition would require 

excessive magnetic or laser 
fields. Instead, we choose a 

three-photon Raman coupling 
via intermediate 3P1 and 3S1states.

Rabi oscillation STIRAP 
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We recently demonstrated 
a continuous Bose-Einstein 
condensate of strontium 
atoms. We could turn this 
into a continuous-wave 
atom laser if an efficient 
outcoupling mechanism 
is found. Here we show 
a coherent three-photon 
excitation of the clock 
transition in a strontium 
BEC with contrast of 
44.6(3.5)%. We follow it up 
with a demonstration of 
three-photon STIRAP-like 
transfer. Our work 
constitutes an essential step 
towards the outcoupling of 
a continuous atom laser 
beam and provides a robust 
excitation mechanism for 
quantum simulation. 

An atom laser needs an outcoupler.
A coherent clock-state transfer could be the key.
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Coherent Three-Photon Excitation of the Strontium Clock Transition

In a 84Sr Bose-Einstein 
condensate we drive 
coherent Rabi oscillations. 
Several oscillations are 
visible.
Using an optical Bloch 
equations model we 
determine a Rabi frequency 
Ω = 2π × 37.4(6) kHz. This 
agrees with a theoretical 
prediction of 

    Ω =         

    Ω =     2π × 32.2(5.0) kHz.

From the optical Bloch 
equation model we also 
determine the maximum 
clock-state population of 
44.6(3.5) %.

We couple the 3P1 and 3S1
states with a constant power 
688-nm laser. This way we 
form an effective three-level 
system. Then, we execute 
STIRAP pulses on 679-nm 
and 689-nm.

We monitor transfer 
efficiency via loss of ground-
state atoms. From a 
lorentzian fit we determine a 
74(4)% transfer efficiency. 
The maximum clock state 
population, however, is much 
lower due to rapid two-body 
losses.

All three lasers are needed: 
shutting off the 688-nm 
laser disables the transfer.
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