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Fig. 1. Schematic of ultrafast interlayer spin transport in a
Ni/Ru/Fe trilayer structure induced by femtosecond laser
pulses. Spin-polarized hot electrons transfer from the Ni
layer through the Ru spacer to the Fe layer, triggering ul-
trafast magnetic dynamics. The magnetization directions of

the Ni and Fe layers can be either parallel or antiparallel.
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Fig. 2. (a)—(f) Calculated magnetic dynamics after laser excitation, with initial magnetization directions of the Ni and Fe layers
aligned parallel (red line) and antiparallel (blue line). (a) and (b), (c) and (d), (e) and (f) show the results for spacer layer thick-

nesses of dg, = 2, 1.5, and 1 nm, respectively.
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Fig. 3. (a) Time evolution of the spin current j; at various positions in the Ru layer, normalized to the maximum at the Ni/Ru in-
terface. The inset shows an exponential fit of the spin current maximum values as a function of position. (b) The corresponding spin

polarization of the spin current in panel (a).
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Fig. 4. Calculated magnetic dynamics of Fe layer under dif-
ferent initial magnetization directions. The femtosecond
laser excites only the Ni layer, generating nonequilibrium
hot electrons. The light gray shading indicates the tempor-

al profile of the laser pulse.
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Abstract

The discovery of ultrafast demagnetization has provided a new means for generating ultrafast spin currents
by using an ultrashort laser, potentially enabling faster manipulation of material magnetism. This has sparked
research on the transport mechanisms of ultrafast spin currents. However, the basic processes are still poorly
understood, especially the factors influencing interlayer spin transfer. In this work, a superdiffusive spin
transport model is used to investigate the ultrafast spin transport mechanism in the Ni/Ru/Fe spin valve
system, with a particular focus on how interlayer spin transfer affects the ultrafast magnetization dynamics of
the ferromagnetic layer. First, by calculating the laser-induced magnetization dynamics of the Ni/Ru/Fe system
under different magnetization alignments, the recent experimental findings are validated. Further analysis shows
that reducing the thickness of the Ru spacer layer will significantly enhance the spin current intensity and
increase the demagnetization difference in the Fe layer, confirming the key role of the hot electron spin current
generated by the Ni layer in interlayer spin transport. In addition, the spin decay length of hot electron spin
currents in the spacer Ru layer is determined to be approximately 0.5 nm. This work also shows that laser-
induced transient magnetization enhancement can be achieved by adjusting the relative laser absorption in the
films. These results provide theoretical support for ultrafast magnetic control of future spin valve structures and

contribute to the development of spintronics in high-speed information processing and storage applications.
Keywords: spintronics, ultrafast magnetic dynamics, spin-polarized transport
PACS: 85.75.—d, 75.78.Jp, 72.25.-b DOI: 10.7498 /aps.74.20241744

CSTR: 32037.14.aps.74.20241744

* Project supported by the National Natural Science Foundation of China (Grant No. 12404139) and the Natural Science
Foundation of Shanxi Province, China (Grant No. 202203021212393).

1 Corresponding author. E-mail: wtlu@sxnu.edu.cn

068501-7


http://doi.org/10.7498/aps.74.20241744
https://cstr.cn/32037.14.aps.74.20241744
mailto:wtlu@sxnu.edu.cn
mailto:wtlu@sxnu.edu.cn
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

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BOLHES HIRIRE BB B s /1 #H 5
FERX BAG mE K&

Research on ultrafast spin dynamics of laser—-induced spin valve structures

LU Wentian ~ YAO Chunwei ~ YAN Zhi  YUAN Zhe

5] Fi{ &, Citation: Acta Physica Sinica, 74, 068501 (2025) DOI: 10.7498/aps.74.20241744
CSTR: 32037.14.aps.74.20241744

TELR I TE View online: https://doi.org/10.7498/aps.74.20241744

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT RRROSGER A HA SCEE

Articles you may be interested in

R FIESN 177 NRRPRE 7 B BT R R 27

Ultrafast spin dynamics: From femtosecond magnetism to attosecond magnetism

PPz 2024, 73(15): 157501 https:/doi.org/10.7498/aps.73.20240646

YRG5 B T R W BE 2y 1 2 BE 5

Dynamics of ferrimagnetic domain wall driven by oscillating magnetic field

YIBR2AHR. 2025, 74(3): 038502  https://doi.org/10.7498/aps.74.20241033

bl 7L R v SR UNE S RN R T S B e SR R TR K O

Spin—polarized transport properties in diluted—magnetic—semiconductor/semiconductor superlattices under light—field assisted

YrH2E 4. 2023, 72(22): 227201  hitps://doi.org/10.7498/aps.72.20230935

TE BT W7 5K Sl AR R B 2y g 2
Dynamics of ferrimagnetic domain walls driven by sinusoidal microwave magnetic field

YrH2A 4. 2023, 72(20): 208502  hitps://doi.org/10.7498/aps.72.20230913

Fe, By (m =1, PR TRYE £ HESh 12026 PEERRAT ST
First—principles study of ultrafast spin dynamics in Fe B, (m =1, 2) clusters
YIBR2AHR. 2021, 70(12): 127505  hitps:/doi.org/10.7498/aps.70.20210056

T T HERLPERPRHI FBEBLIE IR TE

Research progress of spin orbit torque of two—dimensional magnetic materials

YIHEHE. 2024, 73(1): 017502  https://doi.org/10.7498/aps.73.20231244


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20241744
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240646
https://doi.org/10.7498/aps.74.20241033
https://doi.org/10.7498/aps.72.20230935
https://doi.org/10.7498/aps.72.20230913
https://doi.org/10.7498/aps.70.20210056
https://doi.org/10.7498/aps.73.20231244

	1 引　言
	2 理论方法和计算细节
	2.1 超扩散自旋输运模型
	2.2 相关计算参数

	3 计算结果分析与讨论
	3.1 间隔层的厚度依赖性
	3.2 超快自旋流衰减长度
	3.3 超快升磁条件

	4 结　论
	参考文献

