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Piecewise adiabatic passage — theory and experiment

Three level adiabatic passage
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where

4(t) = arctan (

o))

x(t) = (Ap — Ap)t — ¢s(t) + ¢p(t) = ¢p(t) — ¢p(t)

where we assumed two-photon resonance (Ap — Ap = 0)
¢;(t) is the phase of the Rabi frequency,

Q;(t) = [(0)]e® | i =P, D



The Ay =0 eigenvector

| A1(2)) = cos O(t)e ™ E1t/ R qhy Y —eX () sin G(£)e ™ 2/ R 4y )

The system goes smoothly and completely from state
4)1) to state [i2), while maintaining 0 population of

level [1).
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(Bergmann et al. Rev. Mod. Phys. 70, 1003 (1998)).
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K. Winkler G. Thalhammer, M. Theis, H. Ritsch, R. Grimm, and J. Hecker Denschlag Phys. Rev. Lett. 95, 063202 (2005)
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Controllability and adiabatic passage with shaped pulses



Controllability and adiabatic passage with shaped pulses
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3 states adiabatic passage

K. Bergmann et al.
Rev. Mod. Phys., 70, 1003 (1998).
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3 states adiabatic passage wave packet-to-wave packet

adiabatic passage via a single state

K. Bergmann et al. P. Kral, I. Thanopoulos and M.S.,
Rev. Mod. Phys., 70, 1003 (1998). Rev. Mod. Phys., 79, 53 (2007).
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Analytic solution of the non-degenerate
controllability problem

oA A T 1 - 100
L L ! r |
VCpe k>0 [0>1 TV Cre ™'k > 11 | n+m> y
R | N
Lo ! In+3> 11V
R |n+2> 4
, . . P In+l>
P. Kral, Z. Amitay and M. Shapiro, Lo ! > x
| | | | n
PRL 89, 063002 (2002) Pl |\P >
L | 13> '
| 2> .
|1 new state !



The Hamiltonian is (wo x = wo — wk):

n+m n+m

H=">" wilk)(k|+ > [Qox(t)e 0kt 0) (k| + h.c.]
k=0 w=1

Here Qo r(t) = po,k o0,k (t) = Ook fop)(t), where

0 < fpp)(t) <1 are the “dump” (“pump”) envelopes
The wave function [¥) = 3272 ¢;(¢) e~*it[i) follows

the matrix Schrodinger equation (':T(t) = —i H(?) cT(t),

where c(t) = (co,c1, ..., Cn,s Crt1, -y Cngm) and

0 Q()?l Q()’n QO,n+1 QO,n—l—m
Mo 0 .. 0 0 .. 0
H=| Qo 0 .. 0 0 .. 0
Opgag 0 = 0 0 .. 0
 Qimo 0 . O 0 .. 0




Of the n+m+ 1 eigenvalues of H(t), n+m — 1 are zero
and two are nonzero,

M = A== ym-1=0,
n—+m 1/2
An—l—'nf:,(t) — _An—l—m—kl(t) — (Z |QO,k(t)|2)
k=1

Zero eigenvalues correspond to three types of “null states”:
“Initial Null States” (k#£k =1,...,n)

DLy =Q, k) —Qoxlk), (INS)

“Mixed Null States” (k=1,..,n;l=n+1,....,n+m)

DMy = Qo k) — Qo ll), (MNS)

“Final Null States” (1 #1 =n+1,..,n+m)

D) = Q) = Qall),  (FNS)

The basis vectors are re-defined as e™*“it |j) — |4)



We form an MNS state that correlates with:
(Ot =0)) =31 cp k), |¥(t=tena)) = D] |I)

The combination that satisfies these conditions is,

[DM) = >t [Dif)
kol

n n+m n-t+m n
= Z k) Z ter S0 — Z 1) Z ter Qok
k=1 I=n+1 [=n+1 =

where we need to have

n-+m n
0 e
E trl Qo,g X Cp E trl QO,kz X Cr .
I=n4+1 =1

This can be satisfied by (£2x,0() = Ok,0 fp(p)(?))

0 ! e
tei = Or0010, and Oro=Cc, O o=Ccj,

where C, C are arbitrary complex numbers (adiabaticity).
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In the first transfer of the chain, we use Gaussian pulses:
01(t) = Op 1 exp|—(t — to)?/ 12,
Qo,a(5)(t) = Opa(5) exp[—t2/77],
with o = 27 and C =C = 50/7.

Next transfers use different times tg and amplitudes Oy
(we also use zero phases).



How to use ultrashort pulses? Piecewise adiabatic passage
E.A. Shapiro, C. Menzel-Jones, V. Milner, M. Shapiro, PRL 99, 033002 (2007)
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Piecewise adiabatic passage

3x104
2x1074
1x104

8x1074

4x10%




Piecewise adiabatic passage
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Use of a “chirped” train of pulses - theory
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Experiment: S. Zhdanovich, E.A. Shapiro, M. Shapiro, J. Hepburn, V. Milner
PRL 100, 103004 (2008)
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Population of the excited state
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Population of the excited state
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Population transfer to a superposition of many states
E.A. Shapiro, M. Shapiro, V. Milner, PRA 79, 023422 (2009)
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Multi-level piecewise adiabatic passage control: experiment
S. Zhdanovich, J.W. Hepburn, M. Shapiro, and V.Milner, submtted
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Calibration experiment: b,=1, b,=0; b,=0, b,=1
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Detection of superposition state by bichromatic control
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Detection of superposition state by bichromatic control

U= bl‘éplfi} + hQHPﬂ;’E}

S(0) =lbn 2Jewn) P + [ ) P 42 [Brbyclaze(w )e(ws) | sinl(wr = en)t+ @1



Detection of superposition state by bichromatic control

U = by[4P;j9) + bo|dPy)9)

S(t) =|b1|*|e(wr)Pdiy + |bo|*|e(ws)Pdaz +2 |b1bodr2€(wr )€(wo) | in[(wr — wa)t+ @]

di; = (¥;|d|5572) (551 /2|d|¥;)
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Piecewise photoassociation

E.A. Shapiro, A. Pe’er, J. Ye, M. Shapiro “Piecewise adiabatic population transfer
in a molecule via a wave packet” Phys. Rev. Lett. 101, 023601 (2008).
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K. -K. Ni, et al. Science 322, 231 (2008)
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