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three-level system with single photon detuning.
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Fig. 2. Rabi pulse’s structures and the evolution results of the populations for the three-level system: (a) Pulse structures for the op-
timal STIRAP; (b) evolution of the populations for the optimal STIRAP; (c) pulse structures for the standard STIRAP; (d) evolu-
tion of the populations for the standard STIRAP. The pulse operating time 7 =4 ps, the pulse peak 2o = 30.79 MHz, and the

detuning A = 27 MHz.

100304-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 74, No. 10 (2025)

100304

TAERTEI Y, JE4aHERIE R WA SR, 7 IR AT
Hu ST LR

FRATTAT LA MTR & Bt s 8] (8 AR fb SR it — 2%
24k STIRAP FIf£4: STIRAP (X ). & 3 4
T IR RS b RGIR A A B R G S AR
L. 1548 STIRAP T iRA 1 0 (t) 76 s L 0.3—
0.7 BAMRI AR LR A, DK BEIR Jmy 4 4055 1,
13 RGN AR e R BT, T 5C AW
FIEEASEIE . /b STIRAP 7 R4 R0RA 1 as,

JE— ARt R HARBRR o B ELZR. FETE AL 25 R,
A as =mn/2.
— OSTIRAP

n/2} --- STIRAP

2n/6 |

n/6 |

0 4<—”// L L L
0 0.2 0.4 0.6 0.8 1.0
t/T

3 R A AR BE R ) Y AR A 41 S KON Ak STIRAP
IR M, B OB R R ES STIRAP MR G
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the blue dashed line indicates the mixing angle for the
standard STIRAP.
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Fig. 8. Rabi pulse’s structures and the evolution results of the populations for the four-level system: (a) Pulse structures for the op-
timal STIRAP; (b) evolution of the populations for the optimal STIRAP; (c) pulse structures for the standard STIRAP; (d) evolu-
tion of the populations for the standard STIRAP. The pulse operating time 7 = 4 ps, the pulse peak {29 = 35 MHz, and the de-

tuning A = 2n MHz.
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Fig. 13. Change of the populations for the four-level system
with the parameter x . The blue dashed line, the green dot-
ted line, the red dashed line and the black solid line corres-
[2), |3) and
|4) , respectively. The pulse operating time 7 = 7.4 ps, the
pulse peak 2o = 35 MHz, and the detuning A = 2x MHz.
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Fig. 14. Evolution results of the populations: (a) Pulse
parameter 7= n/4; (b) pulse parameter n= n/6. The
blue dashed line, the green dotted line, the red dashed line
and the black solid line correspond to the populations in the
states |1), [2), |3) and |4), respectively. The pulse op-
erating time 7 = 7.4 us, the pulse peak (29 =35 MHz,
and the detuning A = 2z MHz.
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Abstract

The optimal control of population transfer for multi-level systems is investigated from the perspective of
quantum geometry. Firstly, the general theoretical framework of optimizing the STIRAP scheme based on the
dynamical quantum geometric tensor is given, and then the dynamical quantum geometric tensor and the
nonadiabatic transition rate are calculated by taking the detuned A-type three-level system and tripod-type
four-level system for example. Secondly, the transfer dynamics of the particle population of the system are
investigated in detail. For a three-level system, the optimal STIRAP scheme has an efficiency of over 98% in
transferring the population to the state |3), while the transfer efficiency of traditional STIRAP is about 72%.
The superposition states with arbitrary proportions can be efficiently prepared for a four-level system due to the
decoupling of the degenerate dark states. Finally, the influences of system parameters, such as the operating
time of the Rabi pulses, the amplitude fluctuation and the single-photon detuning, on the transfer process are
discussed. Especially, the phenomena of the adiabatic resonance transfer are revealed. Choosing the pulse
parameters in the resonance window can reduce the infidelity of the population transfer to below 1073. It is
found that the optimal STIRAP scheme by the dynamical quantum geometric tensor provides faster and more
efficient transfer than the traditional STIRAP scheme.

Keywords: stimulated Raman adiabatic passage, dynamical quantum geometric tensor, adiabatic population

transfer, A-type three-level system, tripod-type four-level system, dark states
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