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Quantum adiabatic transfer is widely used in quantum computation and quantum simulation. However,
the transfer speed is limited by the quantum adiabatic approximation condition, which hinders its appli-
cation in quantum systems with a short decoherence time. Here we demonstrate quantum adiabatic state
transfers that jump along geodesics in one-qubit and two-qubit superconducting transmons. This approach
possesses the advantages of speed, robustness, and high-fidelity compared with the usual adiabatic pro-
cess. Our protocol provides feasible strategies for improving state manipulation and gate operation in

superconducting quantum circuits.
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I. INTRODUCTION

Superconducting quantum circuits [1-5] provide an
excellent platform for quantum computation and quantum
simulation. With the increase of qubit integration, further
improvement in the fidelity of quantum state manipulation
and gate operation is constrained by crosstalk, leakage,
and relatively short decoherence times. Quantum adiabatic
evolution, which is robust against local fluctuations, has
been proposed as an alternative approach for conduct-
ing universal quantum gate operations [6—9] and quantum
simulation [10]. Historically, the quantum adiabatic con-
cept played a role in the progress of fundamental physics
including Landau-Zener transition (LZT) [11,12], geomet-
ric phases [13—16], and topology [17]. Recently, it has been
applied in quantum algorithm [18,19], quantum sensing
[20], quantum annealing [21-23], and quantum coher-
ent control [24-30]. Quantum adiabatic control has been
used in many active research areas including quantum
computation [31-33] and quantum simulation [34-36].

The essence of quantum adiabatic control is the quantum
adiabatic theorem [37—40], which states that the quantum
state |W (7)) remains in its instantaneous eigenstate during
the evolution driven by the slowly varying system Hamil-
tonian H (¢). Therefore, adiabatic protocols are normally
designed according to the associated quantitative adiabatic
condition, which can be generally written as
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where |V, (1)) (|W,(?))) is the eigenstate of H (¢) with cor-
responding eigenenergy E,,(7) (E,(f)). H(?) is the deriva-
tive of the Hamiltonian with respect to time ¢ This adi-
abatic condition indicates that the implementation of the
adiabatic control is challenging for quantum systems with
short coherence times and weak anharmonicity such as
superconducting quantum circuits [41,42]. Fortunately, it
is found that Eq. (1) may not govern every adiabatic pro-
cesses [43—49]. This stimulated extensive works to design
an adiabatic evolution that follows alternative adiabatic
conditions instead of the restriction of Eq. (1) [50—61].
Recently, a sufficient and necessary adiabatic condition
(SNAC) has been proposed [58], which can replace the
traditional condition of Eq. (1). SNAC may be realized by
modulating the dynamic phases [62]. Its theoretical foun-
dation is very different from that of previous studies, which
rely on energy gaps [51—57] or Floquet resonances [59,60].
It is also different from recent work on the adiabatic mod-
ulation theorem, which is based on slow modulations of
rapidly varying fields [61]. SNAC suggests a possibility
to increase the speed and hence the fidelity of adiabatic
control.

In this paper, we demonstrate quantum adiabatic trans-
fer between one-qubit and two-qubit quantum states by
designing appropriate unitary control fields and periodi-
cally evolving the state along geodesics [58] in supercon-
ducting quantum circuits. These adiabatic evolutions fulfill
the sufficient and necessary adiabatic condition, support-
ing the modification of the traditional adiabatic condition.
Our experimental data show that this protocol can achieve
high-fidelity quantum state transfer with a short operation
time. Moreover, we demonstrate the control robustness of
this protocol by applying noise through the qubit control
line. Our protocol provides an alternation to the traditional
adiabatic control method for quantum state manipulation
in superconducting circuits.

© 2022 American Physical Society
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II. PROTOCOL DESCRIPTION

Instead of Eq. (1), a different adiabatic approximation
condition is proposed by Wang and Plenio [58]. They
decompose the system dynamics driven by a Hamiltonian
into an ideal quantum evolution in the adiabatic limit and a
diabatic propagator that includes all the diabatic errors. An
adiabatic path can be built when the dynamic phase fac-
tors at different path points add destructively and tend to
vanishing, which is written as

A
/ el xnmO) gy 7
0

where xpm(A) = xn(A) — xm(1) is the difference of the
accumulated dynamic phases on the eigenstate, A is the
configuration parameter evolving the system. In our exper-
iments, A corresponds to an angle and is tuned in time. If
our system evolves from 1 =0 to t = 7, we can divide
the whole process into N segment. Then we design the
evolution parameter as
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where Int = [ ] is the integral function. Therefore, A(7)
is a discontinuous function of time. We can intro-
duce a jumping ratio y = {8A/[(AM(T) — A(0))/N]} to
illustrate the discontinuity in control field, where 6\ €
[0, (A(T) — A(0))/N] defines the minimum step in the
parameter space for each segment, resulting in a corre-
sponding discontinuity on the evolution path. In general, a
finite 61 makes the Hamiltonian jump forward in param-
eter space, evolving the quantum state periodically, as
illustrated in the bottom panel of Fig. 1(a). When §1 = 0,
it looks like the path collapses to that of the traditional adi-
abatic evolution. However, the traditional adiabatic condi-
tion, Eq. (1), could still be violated. On the other hand,
when N — 0o, A — 0 and the discontinuity also van-
ishes. Now intuitively the SNAC protocol is equivalent
to the traditional protocol since both Egs. (1) and (2) are
satisfied simultaneously, regardless of the jumping ratio
value.

Equation (2) shows that the differences of dynamic
phases x, are more fundamental than the energy gaps in
adiabatic evolution because the energy does not explicitly
appear in the condition. If we choose x,,, = 7 in each seg-
ment to satisfy Eq. (2), a perfect adiabatic evolution can be
realized, even though the traditional adiabatic condition,
Eq. (1), is violated. Figure 1(a) illustrates the differences
of evolution path between two protocols. Therefore, it is
plausible to design a shorter evolution time 7 while obtain-
ing high-fidelity state transfer by designing suitable unitary
control fields to satisfy Eq. (2).

(a (b)

2 . A LA e et
29 : 0 ] ==
Traditional adiabatic procedure [l

s '"1-"1“ f pm
W) 7 | e =

— . ‘7“).._!.7;7.]’:T ‘
E [p=r=EmmN =

E .\')'cu[ltx‘jul

AR A =t I .
SNAC protocol % % = = % %
N = ==

(Y YY YY) o

Qubit4

Qubit 3

FIG. 1. (a) Schematic of the quantum adiabatic process. In the
traditional adiabatic evolution process, the quantum state evolves
alongside the eigenstate. However, in the protocol based on
SNAC, the quantum state evolves around the eigenstate periodi-
cally. (b) Full image of the quantum chip we use in experiment.
The center two of six transmons are numbered as qubit 3 (Q3)
and qubit 4 (Q4), highlighted by the red and blue dashed boxes
with enlarged equivalent circuits at the bottom.

III. EXPERIMENTS AND RESULTS

The superconducting quantum circuit we use is com-
posed of six tunable and grounded transmons [41,42], as
shown in Fig. 1(b). More details of the chip layout and con-
trol wiring from room temperature to 10 mK can be found
in the supplementary note of our previous works [63]. In
our experiment, we select two of transmons numbered as
05 and Q4 to demonstrate quantum state transfer. Their
parameters are summarized in Table 1.

TABLE I. Device parameters.
0 O4

wy /27 * (GHz) 4.9559 5.1866 (5.8428)
ay/2m b (GHz) —0.286 —0.268
w, /27 ¢ (GHz) 6.9099 7.0655
K./2m ¢ (MHz) 4.189 1.750
xr/2m ¢ (MHz) 0.044 0.168 (0.259)
Ty f (us) 13.4 22.1 (26.4)
T5 & (us) 10.8 -+ (45.4)

aTransition frequency |0) — |1) at the working spot (sweet spot).
5 Anharmonicity.

°Readout resonator frequency.

4Readout resonator linewidth. The difference between linewidths
k, is mainly caused by the intrinsic qualities of the resonators.
Effective dispersive shift at the working spot (sweet spot) for the
|0) — |1) transition due to the interaction with the readout cavity
mode.

fEnergy decay time (77) measured at the working spot (sweet
spot).

€Ramsey decay time (75) measured at the working spot (sweet

spot).
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We first demonstrate state transfer using the SNAC
protocol on the transmon qubit labeled as (4, which
has the dephasing time 75 = 45.4 s measured by Ram-
sey fringes’ experiment and the relaxation time 7| =
26.4 us. In our experiment, by introducing a driv-
ing microwave field MW (¢) = Q(¢) cos(wi(H)t + ¢ (1)),
the transmon Hamiltonian is written as H(f) = wsa’a +
(as/2)a’a’aa + MW (#)(a® + a), where a' (a) is the cre-
ation (annihilation) operator, ¢(f) is the phase of the
microwave field, and 0(¢) = arctan Q(¢)/A(¢) is the mix-
ing angle. The amplitude (Max (|2(¢)|) /27 = 25 MHz)
is far smaller than the anharmonicity of the transmon
(loal /2 = 268 MHz). By using rotation wave approxi-
mation, the Hamiltonian H (f) can be parameterized as

cos O(7)

Q2
i) = =) ( $in 6 (1) ®

sin @ (e 0
—cos6(r) ) - @)

where Qo(f) = VA@®)? + Q(H)? is the energy gap of
H\(?), and A(f) = wg — wy(f) is the detuning between
the driving frequency w,(f) and the transition frequency
ws of the two lowest levels in the transmon. The
eigenenergies of H;(f) are :I:%Qo(t) with the eigen-
states |, (1)) = cos(6(£)/2)|0) + sin(8(1)/2)e*?|1) and
[W_(£)) = sin(0(£)/2)|0) — cos(8(£)/2)e*?|1). By design-
ing appropriate parameter ranges for ¢ (z) and 6(f) from
—m to 0, we demonstrate high-fidelity state transfers based
on the evolution of instantaneous eigenstates |y_(¢)).

In order to fulfill Eq. (2), we design the evolution path by
using Eq. (3) with different parameters. In our experiment,
we use N = 5,A(0) = —m, and A(T) = 0 and set the evo-
lution time as 7' = 57/ €29. The components of the applied
waveform Q(f) = Tr[H;(f)5]/2 are obtained and shown
in Fig. 2(a). Here, 0 = 0y, 0y,0; are the Pauli matrices.
To disclose the trajectory along latitude (longitude) in the
entire evolution, we apply the protocol with state initial-
ized at | + x) (] + z)). Finally, the corresponding waveform
for quantum state tomography (QST) is applied to measure
the evolution trajectory.

As shown in Fig. 2(b), the state evolution along lati-
tude (longitude) by set 2¢(¢)/27 = 10 MHz (25 MHz) is
in good agreement with the simulation results. The trajec-
tories on Bloch sphere are plotted in the inset. Here, we
point out that the error bars indicate standard deviation in
this paper. At the end of the evolution, the fidelities of the
target states pigeal = | — x)(—x| (latitude) and pigeas = | —
z)(—z| (longitude) are 0.983 4 0.019 and 0.989 + 0.026,
respectively, which are benchmarked by

F = Tr\/\/ Pideal Pexp+/ Pideal » 5)

where pexp is the experimental final state. The corre-
sponding fidelities in the simulation are 0.992 and 0.996,
respectively. Since the fidelities of preparing | + x) and
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FIG. 2. State transfers in the one-qubit system. (a) The ampli-
tude of three components (corresponding to the projection along
three Pauli matrices) of microwave field MW (¢). The evolution
process in the left (right) panel is designed along latitude (longi-
tude). (b) State evolution during the transfer process. The initial
state in the left (right) panel is prepared on |+ x) (| +z)) by
a unitary rotation R, (w/2) (I), corresponding to the instanta-
neous eigenstate |[y_(0)) with parameters @ = 7/2 and ¢ = —7
(0 = —m and ¢ = 0) at = 0. The Bloch spheres illustrate the
corresponding evolution trajectories of state transfers.

| + z) are 0.985 4 0.028 and 0.995 £ 0.028, the limitations
of the state transfer along latitude are mainly caused by
state preparation and measurement errors, while the errors
when evolving along longitude are caused by measurement
errors due to both the imperfections of QST and the errors
of quantum state readout. In order to further increase the
fidelity, one may use optimal pulse sequence to eliminate
state leakage. It is worth noting that although there are
tiny deformations of trajectories during evolution process-
ing, the highest quality state transfer can still be obtained,
indicating the control robustness of this protocol.

To explore the theoretical boundary of this protocol, we
investigate the evolution process along latitude for differ-
ent jumping ratio y. As shown in the left panel of Fig. 3(a),
the instantaneous state |y_ (7)) approaches the target state
| — x) when the jumping ratio y varies fromy =0toy =
1. In all these procedures, ©2((f)/2wr = 10 MHz and the
total evolution time 7 = 250 ns are used, so the left-hand
side of Eq. (1) is about 0.2, indicating that these proce-
dures dissatisfy the restriction of Eq. (1). When y = 0, the
evolution trajectory is the same as that of the traditional
adiabatic transfer. The fidelity is about 90%. The highest
fidelity is achieved at y = 1, meaning that the adiabatic
speed limit can be broken by jumping along the geodesic
if the dynamic phase can be canceled carefully [62].

Furthermore, we demonstrate how the dynamic phase
X = Xnm (We omit n, m hereafter) affects state transfer in
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FIG. 3. Performance of the state transfer. (a) Transferred state
Pexp Versus the jumping ratio y (the left panel) and the dynamic
phase x (the right panel). The evolution process is along lati-
tude by set /27 = 10 MHz and T = 250 ns. (b) Population
of the state transfer versus the total time 7. The evolution pro-
cess is along longitude by set 2¢/2mw = 25 MHz. The dashed
line marks the 10 times of the period of Rabi oscillations. This
is approximately the traditional limit of adiabatic evolution since
using these parameters we calculate that the left-hand side of Eq.
(1) is about 0.05.

the SNAC protocol. As illustrated in the right panel of Fig.
3(a), the larger the phase offset |6 x| = |x — 7|, the more
deviation from the target state | — x), indicating that a zero
phase is essential to satisfying the adiabatic approximation.
Therefore, a satisfactory adiabatic process can be obtained
by designing appropriate phase x and evolution time 7. If
we compare the transfer fidelity for y =0 and y =1 as
a function of total evolution time 7, the SNAC protocol
can be about 4 times faster than the traditional method, as
shown in Fig. 3(b). The acceleration of the adiabatic evo-
lution process is of interest to fundamental physics as well
as applications in quantum control and quantum anneal-
ing. We point out that two transitions overlap with each
other at the time about 7' = 400 ns (marked as the dashed
line), where traditional adiabatic condition is satisfied. If
we calculate the left-hand side of Eq. (1) using experimen-
tal parameters we obtain 0.05, fulfilling the traditional limit
of adiabatic control.

Next, we demonstrate the robustness of this protocol
against experimental perturbations. Gaussian noise [64],
which mimics the disordered noise from the environment
of experimental setup, is applied by mixing the signals
generated by arbitrary waveform generator (AWG), as
shown in Fig. 4(a). The AWG model we used is Keysight

M3202A (14 bits, 1 GSa/s), and the rf source model is
R&S SGS-100A. In our experimental setup, it is difficult
to directly realize Gaussian noise using analog hardware.
Therefore, the digital synthesis method [64] is introduced
to add Gaussian noise to the ideal digital signals, which
can be converted to analog signals by AWG. Without loss
of generality, we assume that the digital signals contain
signal voltages V' = [Vo, V1, ..., Viy—1] and noise voltages
A =[Ay,Ay,...,Ay_1]. Then the SNR can be defined as

2
Vu

Py
SNR = 101g — = 101g " -~ 6
25, g;Ai’ (6)

where the signal (noise) power is labeled as Py (P4), and
V. (4,) is the signal (noise) amplitude of the uth digital
point, which corresponds to the AWG voltage. We further
use the randn function in PYTHON to generate the random
number R = [Ny, R, ..., R;_1], then the noise voltage can
be expressed as

10,V
A, =V, [1+8 % ;
forv e [0,n], n=1I+v, (7

with p e [0, M — 1], [ €[0,L — 1], and L = M /n x sr.
Here, all indices {M, L, [, u, v} take integers only, the noise
voltage is set as a constant value for each noise pulse with
holding time 7, and sr = 1 GSa/s denotes the AWG sam-
pling rate. As shown in the left panel of Fig. 4(b), the blue
line is the noise pulse with noise parameters: SNR = 10
dB, n = 10 ns, while the red line is the perfect signal pulse.
The detail shape of a typical noise pulse is illustrated in the
right panel in Fig. 4(b). The rising and falling edges are 1
ns and the holding time 7 is 10 ns. We measure the trans-
fer fidelity as a function of 1, and the results are shown in
the left panel of Fig. 4(c). It is observed that the holding
time of the noise affects the transfer fidelity dramatically.
The reason is that the noise amplitude increases with the
n when the total noise power is fixed. Then we keep at
the optimized condition n = 1 ns, and measure the transfer
fidelity as a function of the noise power. As shown in the
right panel of Fig. 4(c), the experimental results maintain
high fidelity in a wide range of SNR (larger than 10 dB),
which is close to 0.99 as denoted by the dotted blue line.
The excellent noise suppression indicates that this proto-
col has the potential to obtain high-fidelity state transfers
in the Gaussian noise environment.

Finally, we demonstrate state transfers between two
transmons, where Q3 (Q4) acts as a fix (tunable) qubit,
whose decoherence times are 77 = 13.4 us (22.1 us)
and 75 =10.8 us (4.5 ps). Since the transmons are
capacitively coupled with coupling strength J/27 =
9.2 MHz, the Hamiltonian can be written as
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FIG. 4. Generation of Gaussian noise and its effect on the
transfer fidelity. (a) Schematic of the circuit to synthesize the
waveform with Gaussian noise. A sinusoidal continuous-wave
signal generated by the rf source is sent to the local oscilla-
tor port in an /Q mixer, of which the intermediate frequency
ports receive two quadrature signals with the digital Gaussian
noise generated by an AWG (Keysight model M3202A, 14 bits, 1
GSa/s). Then the synthesized waveform is output from the radio-
frequency port and sent to the qubit control line. (b) Waveform
V(¢) with/without Gaussian noise with the parameters of noise:
SNR = 10 dB, and n = 10 ns. (c) (Left panel) Fidelity of the
transfer pcy, as a function of the step with SNR = 10 dB. (Right
panel) Fidelity of the transfer versus noise power with n = 1 ns.
The points (green lines) are the experimental (simulation) results,
while the gray zones mark the simulation standard deviations.

H = wia’a+ (a3/2)a"a’aa + wsb™b + (a4/2) bT b7 b b +
J(a'" + a)(b" + b), where b' (b) is the creation (annihila-
tion) operator. By using the rotating wave approximation,
the system Hamiltonian in subspace {|00), |01), |10}, |11)}
can be simplified as

0 0 0 0
. 0 cose(f) singp() O

) =4 0 sing() —cosp() 0 |° (®)
0 0 0 0

where in the interest subspace {|01), |10)}, the eigenener-

gies are E.(f) = £Jy(t) with Jy(£) = /82(£)/4 + J?, the
eigenstates are |E. (7)) = cos[p(#)/2]|01) + sin [¢(#)/2]
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FIG. 5. Calibration of the detuning. (a) The spectra of Qs
and Q4 versus flux bias of Q4. The symbols are experimental
results extracted by spectroscopy measurement, while the lines
are the eigenvalues of the two-qubit Hamiltonian in subspace
{|01),]10)}. (b) Measurement of the effective coupling strength.
The experimental results (symbols) are best fitted by 2Jy(¢) =

VAJZ + 82(r) with J /27 = 9.2 MHz.

[10) and |E_(9)) = sin[p(#)/2]|01) — cos [¢(#)/2]|10),
while §(f) = w4(f) — w3 is the detuning between Qs and
QO4, and ¢(f) = arctan[2J/5(¢)] denotes the parameter-
ized phase, which can be obtained through calibrating the
detuning 4 (7).

We calibrate the coupling between two qubits first. As
shown in Fig. 5(a), by changing the bias flux of the tunable
qubit Q4 we can observe an energy level avoided crossing
due to the coupling between two qubits. Then we care-
fully measure the detuning §(¢) and coupling strength J
using vacuum Rabi oscillations in subspace {|01), |10)}, as
shown in Fig. 5(b).

In our experiment, the SNAC protocol is implemented
in the two-qubit system by modulating the parameter ¢(f)
to satisfy Eq. (2). The measurement sequence is shown in
Fig. 6(a), which is composed of three sections: prepara-
tion for the initial state |v), evolution based on the flux
pulse designed according to Egs. (3) and (2), and measure-
ment with QST to reconstruct the final states. At ¢ = 0, the
qubit 05 (Q4) is biased at w3 /27 = 4.9559 GHz (w4 /27 =
5.1866 GHz) with the prepared excited (ground) state
by applying a unitary rotation R(sr) (/). The detuning
8(0)/2wr = 230.7 MHz is far larger than the coupling
strength, so the unwanted transfers during preparation and
measurement can be neglected. Therefore, the state trans-
fer between Q3 and Q4 with the SNAC protocol can
be realized by designing ¢(f) under conditions: y =1,
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FIG. 6. State transfer in two-qubit system. (a) Diagram of the
experimental time profile. These include preparing the initial
states of qubits, evolving the system state with the designing flux
pulse to obtain the state transfer from O3 to QO4, and measuring
the evolution trajectories by QST. (b) Illustration of state trans-
fers with ¢ = /10, 57/10, and 971/10. (c) State transfers based
on LZT and SNAC with evolution time 7 = 88ns. The popu-
lation of the excited state in Q4 based on LZT extracted from
experimental (simulation) results is 0.583 =+ 0.040 (0.588), while
that based on SNAC is 0.984 + 0.020 (0.986).

N =5, A(0) =0, and A(T) = 7. The profile of XY con-
trol pulse and Z flux bias of the qubits are shown in
Fig. 6(a). Here, parameter ¢(¢) reveals the evolution path
of state transfers in parameter space, as shown by the
evolution diagram in Fig. 6(b). We compare our proto-
col with the one based on the traditional LZT [11,12],
which is fundamental to the dynamics of quantum systems
including adiabatic evolution. With an identical flux bias
range and evolution time (7 = 88 ns), the SNAC protocol
has significantly better performance than the LZT scheme
as shown in Fig. 6(c). The corresponding populations of
the final state pp, = Trp, (0g;0,) are 0.583 = 0.040 and
0.984 4 0.020, respectively. In the right panel of Fig. 6(c),
the deviations between experimental results (symbols) and
simulation results (orange solid lines) are mainly due to the

distortions of the flux pulse, which lead to accumulated
phase errors 6 x hence violating the condition in Eq. (2). To
verify this argument we do numerical simulation by adding
phase errors §x = [0,0.287,0.157,0.17,0] to each seg-
ment thus obtaining a mock deformed flux pulse. Here,
the phase errors are obtained by changing the spectrum
of O, while fixing the evolution time. As shown by the
black dotted lines, the trajectories with phase errors are
better matching with the experiment results. Alternatively,
we can add corresponding phase offsets by calibrating the
actual dynamic phase x in each segment to cancel the
errors.

IV. DISCUSSION

To further analyze the performance of the SNAC
scheme compared with LZT and dynamic protocols, we
calculate population transfer versus time and phase devi-
ation. We choose the decoherence times of a two-qubit
system at working spots as listed in Table I and the dephas-
ing time of the tunable qubit as T, = 4.5 us, which is the
average dephasing time of Q4 and also close to a practical
value for the state-of-the-art quantum chips. The calculated
transferred populations versus time are shown in Fig. 7(a).
For LZT, due to the limitation of the adiabatic condition
in Eq. (1), the population increases with transfer time and
approaches maximum 0.95 at about 400 ns. Then it will
decrease due to the effect of energy relaxation. The trans-
ferred population using our SNAC protocol can achieve
0.995 at 50 ns, indicating that the evolution constrained by
Eq. (2) can be much faster than that of LZT. The popula-
tion exponentially decreases with the evolution time due to
the decoherence. Since the SNAC protocol is realized by
modulating the dynamic phase, besides the energy relax-
ation, the dephasing also affects the transferred population,
hence resulting in the asymptotic value at a long time being
lower than that of LZT. However, in our experiments the
population of the excited state of Q4 for LZT can never
achieve 0.96 due to the energy relaxation. Therefore, the
SNAC protocol will have much better performance for the
system with relatively short decoherence times. In addi-
tion, SNAC provides a faster tool to realize state transfer
because it would take approximately 340 ns to reach the
same fidelity using LZT.

The robustness of the population transfer is represented
by the transferred population versus the deviation of the
control parameter, e.g., phase x. We calculate the trans-
ferred populations with respect to the phase error § xy with-
out considering decoherence, shown in Fig. 7(b). Since the
protocol based on LZT has nothing to do with the phase y,
its result is always about 0.59 (the blue dashed-dotted line).
In contrast, the protocol based on iSWAP gate, which is real-
ized by resonant vacuum Rabi oscillations, is sensitive to
the phase error 6 x because it is completely a nonadiabatic
process. The results (the orange symbols) based on SNAC
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FIG. 7. (a) Numerical simulation of transferred population

with respect to evolution time for different schemes. Due to the
energy relaxation and dephasing, the population of the excited
state of Q4 approaches maximum 0.948 at the evolution time
T > 340 ns for LZT. The transferred population based on SNAC
decreases exponentially with increasing the evolution time. The
horizontal black dotted line marks the population of 0.984 as a
reference. The vertical green dash-dotted line marks the evolu-
tion time at 340 ns. The red dashed line shows the upper bound-
ary of the transferred population limited by the energy relaxation
time. (b) Demonstration of the robustness of the SNAC scheme.
The orange symbols are the simulated transferred population
with respect to the dynamical phase deviation §x for the SNAC
scheme. The simulation parameters are y = 1, N = 5, 1(0) = 0,
and A(T) = &. The green dashed line shows the calculated trans-
fer population using iSWAP operation based on resonant vacuum
Rabi oscillations. The blue dash-dotted line indicates the results
Pp, =0.59 based on LZT and the black dotted line marks a
reference with values 0.99.

show the advantage in resisting the phase error. Therefore,
the SNAC protocol possesses the advantage of speed com-
pared with the usual LZT scheme while insensitive to the
fluctuation of the control parameter due to its adiabatic
nature. Considering quantum state transfer is ubiquitous in
quantum computation and simulation, the protocol based
on SNAC provides a useful tool for quantum information
process with superconducting qubits.

V. CONCLUSIONS

In summary, we demonstrate adiabatic quantum state
transfers in one and two superconducting qubits by

canceling the dynamic phase. The principle we apply is
very different from that of traditional adiabatic evolution.
Our results prove that one can mitigate the constraint of
adiabatic condition in multiqubit systems and accelerate
the evolution process while keeping it immune to the Gaus-
sian noise of the system. The speed and robustness of state
transfers make our protocol a promising control tool in
quantum computation and quantum simulation.

ACKNOWLEDGMENTS

This work is partly supported by the Key R&D Program
of Guangdong Province (Grant No. 2018B030326001),
NSFC (Grants No. 61521001, No. 12074179, No.
11890704, and No. U21A20436), and NSF of Jiangsu
Province (Grant No. BE2021015-1).

[1] M. H. Devoret and R. J. Schoelkopf, Superconducting cir-
cuits for quantum information: An outlook, Science 339,
1169 (2013).

[2] J. Q. You and F. Nori, Atomic physics and quantum optics
using superconducting circuits, Nature 474, 589 (2011).

[3] F. Arute, K. Arya, R. Babbush, D. Bacon, J. C. Bardin, R.
Barends, R. Biswas, S. Boixo, F. G. Brandao, and D. A.
Buell, et al., Quantum supremacy using a programmable
superconducting processor, Nature 574, 505 (2019).

[4] M. Gong, S. Wang, C. Zha, M.-C. Chen, H.-L. Huang, Y.
Wu, Q. Zhu, Y. Zhao, S. Li, and S. Guo, et al., Quan-
tum walks on a programmable two-dimensional 62-qubit
superconducting processor, Science 372, 948 (2021).

[5] Y. Wu, W.-S. Bao, S. Cao, F. Chen, M.-C. Chen, X. Chen,
T.-H. Chung, H. Deng, Y. Du, and D. Fan, et al., Strong
Quantum Computational Advantage using a Superconduct-
ing Quantum Processor, Phys. Rev. Lett. 127, 180501
(2021).

[6] L. DiCarlo, J. M. Chow, J. M. Gambetta, L. S. Bishop, B.
R. Johnson, D. Schuster, J. Majer, A. Blais, L. Frunzio, and
S. Girvin, et al., Demonstration of two-qubit algorithms
with a superconducting quantum processor, Nature 460,
240 (2009).

[7] J. M. Martinis and M. R. Geller, Fast adiabatic qubit gates
using only o control, Phys. Rev. A 90, 022307 (2014).

[8] A. M. Childs, E. Farhi, and J. Preskill, Robustness of adi-
abatic quantum computation, Phys. Rev. A 65, 012322
(2001).

[91 Y. Xu, J. Chu, J. Yuan, J. Qiu, Y. Zhou, L. Zhang, X.
Tan, Y. Yu, S. Liu, and J. Li, et al., High-Fidelity, High-
Scalability Two-Qubit Gate Scheme for Superconducting
Qubits, Phys. Rev. Lett. 125, 240503 (2020).

[10] P. Roushan, C. Neill, Y. Chen, M. Kolodrubetz, C. Quin-
tana, N. Leung, M. Fang, R. Barends, B. Campbell, and
Z. Chen, et al., Observation of topological transitions in
interacting quantum circuits, Nature 515, 241 (2014).

[11] L. D. Landau, Zur theorie der energieubertragung ii, Phys.
Z. Sowjetunion 2, 46 (1932).

[12] C. Zener, Non-adiabatic crossing of energy levels, Proc. R.
Soc. London, A 137, 696 (1932).

044014-7


https://doi.org/10.1126/science.1231930
https://doi.org/10.1038/nature10122
https://doi.org/10.1038/s41586-019-1666-5
https://doi.org/10.1126/science.abg7812
https://doi.org/10.1103/PhysRevLett.127.180501
https://doi.org/10.1038/nature08121
https://doi.org/10.1103/PhysRevA.90.022307
https://doi.org/10.1103/PhysRevA.65.012322
https://doi.org/10.1103/PhysRevLett.125.240503
https://doi.org/10.1038/nature13891
https://doi.org/10.1098/rspa.1932.0165

WEN ZHENG et al.

PHYS. REV. APPLIED 18, 044014 (2022)

[13] M. V. Berry, Quantal phase factors accompanying adiabatic
changes, Proc. R. Soc. London, A 392, 45 (1984).

[14] Y. Aharonov and J. Anandan, Phase Change During a
Cyclic Quantum Evolution, Phys. Rev. Lett. 58, 1593
(1987).

[15] B. Simon, Holonomy, the Quantum Adiabatic Theorem,
and Berry’s Phase, Phys. Rev. Lett. 51, 2167 (1983).

[16] A. Shapere and F. Wilczek, Geometric Phases in Physics
(World Scientific, Singapore, 1989), Vol. 5.

[17] M. Nakahara, Geometry, Topology and Physics (CRC
Press, Boca Raton, 2018).

[18] E. Farhi, J. Goldstone, S. Gutmann, J. Lapan, A. Lundgren,
and D. Preda, A quantum adiabatic evolution algorithm
applied to random instances of an np-complete problem,
Science 292, 472 (2001).

[19] J. Roland and N. J. Cerf, Quantum search by local adiabatic
evolution, Phys. Rev. A 65, 042308 (2002).

[20] C. L. Degen, F. Reinhard, and P. Cappellaro, Quantum
sensing, Rev. Mod. Phys. 89, 035002 (2017).

[21] T. Kadowaki and H. Nishimori, Quantum annealing in
the transverse Ising model, Phys. Rev. E 58, 5355
(1998).

[22] J. Brooke, D. Bitko, T. F. Rosenbaum, and G. Aeppli, Quan-
tum annealing of a disordered magnet, Science 284, 779
(1999).

[23] M. W. Johnson, M. H. Amin, S. Gildert, T. Lanting, F.
Hamze, N. Dickson, R. Harris, A. J. Berkley, J. Johansson,
and P. Bunyk, e al., Quantum annealing with manufactured
spins, Nature 473, 194 (2011).

[24] N. V. Vitanov, A. A. Rangelov, B. W. Shore, and K.
Bergmann, Stimulated Raman adiabatic passage in physics,
chemistry, and beyond, Rev. Mod. Phys. 89, 015006 (2017).

[25] K. S. Kumar, A. Vepsildinen, S. Danilin, and G. S.
Paraoanu, Stimulated Raman adiabatic passage in a three-
level superconducting circuit, Nat. Commun. 7, 10628
(2016).

[26] H. K. Xu, C. Song, W. Y. Liu, G. M. Xue, F. F. Su, H.
Deng, Y. Tian, D. N. Zheng, S. Han, and Y. P. Zhong, et al.,
Coherent population transfer between uncoupled or weakly
coupled states in ladder-type superconducting qutrits, Nat.
Commun. 7, 11018 (2016).

[27] A. Vepsildinen, S. Danilin, and G. S. Paraoanu, Superadi-
abatic population transfer in a three-level superconducting
circuit, Sci. Adv. 5, eaau5999 (2019).

[28] Z. Yang, X. Tan, Y. Dong, X. Yang, S. Song, Z. Han,
J. Chu, Z. Li, D. Lan, and H. Yu, et al., Realization
of arbitrary state-transfer via superadiabatic passages in
a superconducting circuit, Appl. Phys. Lett. 115, 072603
(2019).

[29] H.-S. Chang, Y. P. Zhong, A. Bienfait, M.-H. Chou, C.
R. Conner, E. Dumur, J. Grebel, G. A. Peairs, R. G.
Povey, and K. J. Satzinger, et al., Remote Entanglement
via Adiabatic Passage using a Tunably Dissipative Quan-
tum Communication System, Phys. Rev. Lett. 124, 240502
(2020).

[30] D. Li, W. Zheng, J. Chu, X. Yang, S. Song, Z. Han, Y.
Dong, Z. Wang, X. Yu, and D. Lan, et al., Coherent state
transfer between superconducting qubits via stimulated
Raman adiabatic passage, Appl. Phys. Lett. 118, 104003
(2021).

[31] M. A. Nielsen and I. L. Chuang, Quantum Computation and
Quantum Information: 10th Anniversary Edition (Cam-
bridge University Press, Cambridge, 2010).

[32] T. Albash and D. A. Lidar, Adiabatic quantum computation,
Rev. Mod. Phys. 90, 015002 (2018).

[33] D. Aharonov, W. van Dam, J. Kempe, Z. Landau, S. Lloyd,
and O. Regev, Adiabatic Quantum Computation is Equiv-
alent to Standard Quantum Computation, SIAM Rev. 50,
755 (2008).

[34] R. P. Feynman, Simulating physics with computers, Int. J.
Theor. Phys. 21, 467 (1982).

[35] I. M. Georgescu, S. Ashhab, and F. Nori, Quantum simula-
tion, Rev. Mod. Phys. 86, 153 (2014).

[36] E. Altman, K. R. Brown, G. Carleo, L. D. Carr, E. Demler,
C. Chin, B. DeMarco, S. E. Economou, M. A. Eriksson, and
K.-M. C. Fu, et al., Quantum Simulators: Architectures and
Opportunities, PRX Quantum 2, 017003 (2021).

[37] P. Ehrenfest, Adiabatische invarianten und quantentheorie,
Ann. Phys. 356, 327 (1916).

[38] M. Born and V. Fock, Beweis des adiabatensatzes, Z. Phys.
51, 165 (1928).

[39] J. Schwinger, On nonadiabatic processes in inhomogeneous
fields, Phys. Rev. 51, 648 (1937).

[40] T. Kato, On the adiabatic theorem of quantum mechanics,
J. Phys. Soc. Jpn. 5, 435 (1950).

[41] J. Koch, T. M. Yu, J. Gambetta, A. A. Houck, D. I. Schus-
ter, J. Majer, A. Blais, M. H. Devoret, S. M. Girvin, and
R. J. Schoelkopf, Charge-insensitive qubit design derived
from the Cooper pair box, Phys. Rev. A 76, 042319
(2007).

[42] R. Barends, J. Kelly, A. Megrant, D. Sank, E. Jeffrey,
Y. Chen, Y. Yin, B. Chiaro, J. Mutus, and C. Nelill, et
al., Coherent Josephson Qubit Suitable for Scalable Quan-
tum Integrated Circuits, Phys. Rev. Lett. 111, 080502
(2013).

[43] K.-P. Marzlin and B. C. Sanders, Inconsistency in the
Application of the Adiabatic Theorem, Phys. Rev. Lett. 93,
160408 (2004).

[44] M. S. Sarandy, L.-A. Wu, and D. A. Lidar, Consistency of
the adiabatic theorem, Quantum Inf. Process. 3,331 (2004).

[45] D. M. Tong, K. Singh, L. C. Kwek, and C. H. Oh, Quan-
titative Conditions do not Guarantee the Validity of the
Adiabatic Approximation, Phys. Rev. Lett. 95, 110407
(2005).

[46] J.Du, L. Hu, Y. Wang, J. Wu, M. Zhao, and D. Suter, Exper-
imental Study of the Validity of Quantitative Conditions
in the Quantum Adiabatic Theorem, Phys. Rev. Lett. 101,
060403 (2008).

[47] M. H. S. Amin, Consistency of the Adiabatic Theorem,
Phys. Rev. Lett. 102, 220401 (2009).

[48] D. M. Tong, Quantitative Condition is Necessary in Guar-
anteeing the Validity of the Adiabatic Approximation,
Phys. Rev. Lett. 104, 120401 (2010).

[49] D. Liand M.-H. Yung, Why the quantitative condition fails
to reveal quantum adiabaticity, New J. Phys. 16, 053023
(2014).

[50] J.-D. Wu, M.-S. Zhao, J.-L. Chen, and Y.-D. Zhang, Adia-
batic approximation condition. ArXiv:0706.0264 (2007)..

[51] Z. Wei and M. Ying, Quantum adiabatic computation and
adiabatic conditions, Phys. Rev. A 76, 024304 (2007).

044014-8


https://doi.org/10.1098/rspa.1984.0023
https://doi.org/10.1103/PhysRevLett.58.1593
https://doi.org/10.1103/PhysRevLett.51.2167
https://doi.org/10.1126/science.1057726
https://doi.org/10.1103/PhysRevA.65.042308
https://doi.org/10.1103/RevModPhys.89.035002
https://doi.org/10.1103/PhysRevE.58.5355
https://doi.org/10.1126/science.284.5415.779
https://doi.org/10.1038/nature10012
https://doi.org/10.1103/RevModPhys.89.015006
https://doi.org/10.1038/ncomms10628
https://doi.org/10.1038/ncomms11018
https://doi.org/10.1126/sciadv.aau5999
https://doi.org/10.1063/1.5111060
https://doi.org/10.1103/PhysRevLett.124.240502
https://doi.org/10.1063/5.0040079
https://doi.org/10.1103/RevModPhys.90.015002
https://doi.org/10.1137/080734479
https://doi.org/10.1007/BF02650179
https://doi.org/10.1103/RevModPhys.86.153
https://doi.org/10.1103/PRXQuantum.2.017003
https://doi.org/10.1002/andp.19163561905
https://doi.org/10.1007/BF01343193
https://doi.org/10.1103/PhysRev.51.648
https://doi.org/10.1143/JPSJ.5.435
https://doi.org/10.1103/PhysRevA.76.042319
https://doi.org/10.1103/PhysRevLett.111.080502
https://doi.org/10.1103/PhysRevLett.93.160408
https://doi.org/10.1007/s11128-004-7712-7
https://doi.org/10.1103/PhysRevLett.95.110407
https://doi.org/10.1103/PhysRevLett.101.060403
https://doi.org/10.1103/PhysRevLett.102.220401
https://doi.org/10.1103/PhysRevLett.104.120401
https://doi.org/10.1088/1367-2630/16/5/053023
https://arxiv.org/abs/0706.0264
https://doi.org/10.1103/PhysRevA.76.024304

ACCELERATED QUANTUM ADIABATIC TRANSFER...

PHYS. REV. APPLIED 18, 044014 (2022)

[52] D. Comparat, General conditions for quantum adiabatic
evolution, Phys. Rev. A 80, 012106 (2009).

[53] D. M. Tong, K. Singh, L. C. Kwek, and C. H. Oh, Suffi-
ciency Criterion for the Validity of the Adiabatic Approxi-
mation, Phys. Rev. Lett. 98, 150402 (2007).

[54] D. A. Lidar, A. T. Rezakhani, and A. Hamma, Adiabatic
approximation with exponential accuracy for many-body
systems and quantum computation, J. Math. Phys. 50,
102106 (2009).

[55] S. Boixo and R. D. Somma, Necessary condition for the
quantum adiabatic approximation, Phys. Rev. A 81, 032308
(2010).

[56] G. Rigolin and G. Ortiz, Adiabatic theorem for quantum
systems with spectral degeneracy, Phys. Rev. A 85, 062111
(2012).

[57] C. Guo, Q.-H. Duan, W. Wu, and P.-X. Chen, Nonpertur-
bative approach to the quantum adiabatic condition, Phys.
Rev. A 88,012114 (2013).

[58] Z.-Y. Wang and M. B. Plenio, Necessary and sufficient con-
dition for quantum adiabatic evolution by unitary control
fields, Phys. Rev. A 93, 052107 (2016).

[59] C. Deng, J.-L. Orgiazzi, F. Shen, S. Ashhab, and A.
Lupascu, Observation of Floquet States in a Strongly
Driven Artificial Atom, Phys. Rev. Lett. 115, 133601
(2015).

[60] A. Russomanno and G. E. Santoro, Floquet resonances
close to the adiabatic limit and the effect of dissipation, J.
Stat. Mech.-Theory Exp. 2017, 103104 (2017).

[61] A.Dodin and P. Brumer, Generalized Adiabatic Theorems:
Quantum Systems Driven by Modulated Time-Varying
Fields, PRX Quantum 2, 030302 (2021).

[62] K. Xu, T. Xie, F. Shi, Z.-Y. Wang, X. Xu, P. Wang, Y.
Wang, M. B. Plenio, and J. Du, Breaking the quantum adi-
abatic speed limit by jumping along geodesics, Sci. Adv. 5,
eaax3800 (2019).

[63] W. Zheng, Y. Zhang, Y. Dong, J. Xu, Z. Wang, X. Wang,
Y. Li, D. Lan, J. Zhao, and S. Li, et al., Optimal control of
stimulated Raman adiabatic passage in a superconducting
qudit, npj Quantum Inform. 8, 9 (2022).

[64] K. Kafadar, Gaussian white-noise generation for digital
signal synthesis, IEEE Trans. Instrum. Meas. IM-35, 492
(1986).

044014-9


https://doi.org/10.1103/PhysRevA.80.012106
https://doi.org/10.1103/PhysRevLett.98.150402
https://doi.org/10.1063/1.3236685
https://doi.org/10.1103/PhysRevA.81.032308
https://doi.org/10.1103/PhysRevA.85.062111
https://doi.org/10.1103/PhysRevA.88.012114
https://doi.org/10.1103/PhysRevA.93.052107
https://doi.org/10.1103/PhysRevLett.115.133601
https://doi.org/10.1088/1742-5468/aa8702
https://doi.org/10.1103/PRXQuantum.2.030302
https://doi.org/10.1126/sciadv.aax3800
https://doi.org/10.1038/s41534-022-00521-7
https://doi.org/10.1109/TIM.1986.6499122

	I. INTRODUCTION
	II. PROTOCOL DESCRIPTION
	III. EXPERIMENTS AND RESULTS
	IV. DISCUSSION
	V. CONCLUSIONS
	ACKNOWLEDGMENTS
	. References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


