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for reference: a traditional transfer scheme

Rabi-Oscillations in two-level-systems, (2n +1) © - puls

Foputation
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Population transfer by a double nt-pulse
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the goal of the STIRAP process

transfer without loss due to spontaneous
emiss
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basic STIRAP:

experimental observation!




experimental observations, here: always Ne*
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he physics behind the
STIRAP process

the essential elements:

- Autler-Townes splitting —>

- supression of absorption
(EIT)

- adiabatic passage




some basic facts

Rabi frequencyi Q. =, E

W, = transition dipole
moment

Q) <<

AE, 5 each field couples to one pair of levels anly

selectivity by frequency and/or polariza

large pulse area: QAT > 1

many Rabi cycles in two-level systen

adiabatic evolution
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bare states dressed states
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putting the pieces

together

0 Q@ 0
Q) 0 Q)
0 Q@) 0

_h
H_2




Dressed states and dressed

energies

here shown for:
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include laser phases
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Dressed states and dressed
energies

Eigentrequencies
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Q) 0 Q)
0 Q@) 0

Mixing Angle 9(z)
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Dressed states and dressed
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Dressed states and dressed
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Dressed states and dressed
energies
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Populations
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Dressed states and dressed
energies
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Dressed states and dressed
energies
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Dressed states and dressed
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Dressed states and dressed
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Dressed states and dressed

energies

population trapping

coherent superpositign

dark state

AT

adiabatic evolution
if:

Qo AT >> 1
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I:omment on dark statesI

J =1— J=0 transition
induced by linearly polarized light

[
|
|
e cay — depletion by optical pumping
; f population remains in initial level
Z
, Change of quantization axis
decomposition: linear polarizati

— circular-right + circular-I
X

still: ] =1 — J=0 transition

still: decay — depletion by optical pumping
but no of population remains in initial lev¢




I:omment on dark statesI

@f population remains in initial level
Z

, Change of quantization axis

decomposition: linear polarizati

— circular-right + circular-I
X

coherent superposition of two states
50 % in ,bright” state -- 50% in ,dark state”

but no of population remains in initial leve




tWo applications - out of many:

multiphoton processes
and

ailored momentum transfe




example: extension to multi-level systems
coherence-preserving mirror for particles

ank ||
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deflection of Ne* using

,double-STIRAP“
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beam splitters
for
matterwaves:

he tripod - coupling

Ne* level scheme:
-1 0 +1
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tripod-STIRAP: beamsplitter for atoms

movable
detector

level scheme and coupling

experimental arrangement Ne* level schemer
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full control of (multi-component) superposition state

¥> = o4 |1> + 0, €

control of amplitude 'and phase

intermediate

stream of
identically

degenerate states
— no dynamic phase

initial




radiative coupling
example of linkage
pattern

extended Tripod-STIRAP




complete control of 5 - component superposition

8 parameters
available:

2 per laser field (R,
¢

= =] Initial state shown on t¢

8 parameters wanted:
4 ratios of amplitudes
4 relative phases




complete control of 5 - component superposition




complete control of 5 - component superposition
state:

| multi-level STIRAP]

extended tripod -

L1 1D A 1Y

phase of 6" vs O¢

controlled by direction

of
- polarization




measuring the
relative phase
between components




phase-to-population mapping — the principle

Quantization axis

detection:
laser-induced
fluorescence

filter process:
optical pumping

to be shown:
equivalence to

interferometer COTtI‘O| of_ oreparation:
¢5(6™) - ¢5(0) STIRAP
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verifying : retrieval of preset ph:
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verifying : control of phase by a B-field (Zeeman-split
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,phase manipulatio

3-level superposition sta
‘az(on)> = ¥ [c_z 2,@+ coe”zz + c+2e+i4z 2, ]

on two-photon resonance (STIRAP)




~phase manipulatio
pump laser detuned (A) from resona

3-level superposition sta

‘az(on)> —e X [c_z 2, —2> + coe”zz 2,0> + c+2e+i47‘ 2,+2>]
on two-photon resonance (STIRAP)

‘Cl2(oﬁ‘)> —e % |:Ciz 2,—2> + c;e+i(2’r+j) 2,0> + cize+i4z 2,+2>]

off two-photon resonance

phase control by frequency cont detectable ?




STIRAP:
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pump laser on resonance
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measurement of the relative phase A¢ (in the interferometry pictufe)
example: superposition of M "=-1land M = +1
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o - rotation
STIRAP  continuous
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dQN’M'(W/A

Opﬁcalpunﬂng'""""""""

S_
lasers

pOpuIatlon |nJ = 0,M =

R - rotation fllter laser probe

e.g. /2

laser

| (o & = 7/2, Ag)




STIRAP
a Powerful Coherent Population Transfer Schem

provides high flexibility for the control of
population and momentum
amplitude and phases of components of superpositia

applications, e.g. see EoAster by
Arango

collision dynamics and coherent con &Bsr#m?r
: _ .Shapiro
matter wave mirrors and beam splitters

preparation of Fock states and superpositions thereo
storage and retrieval of phase information
transfer of phase information between laser beams

and many more
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