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Driving atoms from an initial to a final state of the same parity
via an intermediate state of opposite parity is most efficiently
done using STIRAP[1], because it doesn’t populate the
intermediate state. We populate Rydberg states of He (n = 24)
in a beam of average velocity 1070 m/s by having them cross
two laser beams in a tunable dc electric field of ~100 V/cm. By
varying the relative position of these beams we can vary the
order and overlap encountered by the atoms. We vary the dc
field to sweep across several Stark states of the Rydberg
manifold. We measure the absolute efficiency using a curved
wavefront light beam of 1083nm to deflect residual 23S1 atoms
out of the atomic beam, and we measure their flux with and
without the STIRAP beams. This uncontaminated
measurement has high absolute accuracy.

What is STIRAP?

Theory of STIRAP

adiabatic condition:                     (T is the interaction time， )effΩT 1

Absolute measurement of efficiency
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'red' wavelength: 796.4414nm 

top plate volyage: 115.1539V
Rydberg atoms are deflected 
due to the inhomogeneous 
electric field around the 
plate edge

Experimental data

With strong pump beam 
and strong probe beam, it 
is more complicated.
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Vector picture of STIRAP [3]

Time dependence of Rabi frequencies 
(top), mixing angle (middle) and the 

populations (bottom) [3]
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Model ExpDec1
Equation y = A1*exp(-x/t1)

 + y0

Reduced Chi-Sq
r

7.98642E-6

Adj. R-Square 0.98995
Value Standard Error

F y0 0.326 0.00854
F A1 0.16262 0.00494
F t1 13.69911 2.15757

Stimulated Rapid Adiabatic Passage

Hamiltonian

Solution

Eigenstates for 
(         : Decay rate of level  i) 

Mixing angles

He* beam
1070m/s

796nm 389nm

Deflected residual He* 
atoms

1083nm

Consists of:
• Rydberg He atoms 
• Residual 
metastable He* 
• UV photons, 
ground He, etc. Measured 

by SSD 
detector

MCP Phosphor 
screen

Experimental setup

1.4 meters 

~ 6mm

For two-photon resonance

Energy levels of He Triplet states 
in an electric field

ε (V/cm)

*Presently at Columbia Univ., 1027 Pupin Hall, New York, NY 10027
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Abstract

Scan of electric field

Amplification circuit

DC voltage

Ramp voltage
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s p= +effΩΩΩ
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