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Superconductor/ferromagnet (S/F) heterostructures exhibit unique phenomena due to the interplay between superconducting correlations and magnetic ordering [1]. This study focuses on the impact of magnetic domain structures on proximity effects. We also take into account the nonzero electron-electron coupling constant λf in ferromagnetic layers [2]. More specifically, we consider S/F/S and F/S/F systems, in which one or both ferromagnetic layers are divided into a periodic system of strip domains (see Fig.1).
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Fig. 1. Schematic image of the S1/F/S2 system, where ferromagnetic layer is divided into strip domains by the Néel domain walls. The arrows symbolize the local directions of magnetization. ldw is the domain wall thickness. 
To describe such systems in the dirty limit, we used the Usadel equations taking into account the heterogeneity of the effective exchange field [3]. The boundary conditions include the Kupriyanov-Lukichev conditions [4] at the S/F interfaces and zero current at the external boundaries. The boundary value problem is supplemented by a self-consistency equation that connects the order parameter and the Usadel function. To find the critical temperature in heterostructures with complex magnetic textures, we have developed an iterative approach [5]. In this approach, the normalized spatial distribution of the superconducting order parameter and the critical temperature are refined at each step.
The presence of magnetic inhomogeneities, such as domain walls, leads to an increase in the critical temperature compared to a monodomain case. In the S/F/S systems, the domain structures shift and suppress the Tc minimum versus the F-layer thickness df compared to monodomain F-layers. In the F/S/F systems, Tc strongly depends on the mutual orientation of magnetizations in the F-layers and the domain period ld. If ld is less than or equal to the superconducting coherence length ξs, domain effects dominate; for large ld the mutual orientation dominates. The order parameter is suppressed within ferromagnetic domains but enhanced near domain walls due to weakened pair-breaking. 
In a bulk ferromagnet, an electron-electron coupling does not manifest itself due to the suppression of pairing by ferromagnetic ordering. In the S/F structures the nonzero λf noticeably increases Tc in both S/F/S and F/S/F systems, broadening parameter ranges for observing phenomena like isolated reentrant superconductivity [2] in asymmetric F/S/F structures. 
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Fig. 2. Distribution of the superconducting order parameter in the S1(140 Å)/F(57 Å)/S2(100 Å) system. The inset shows the distribution of the order parameter phase in the plane of this system. Key layers parameters: ξs = 125 Å, effective exchange field I = 200 K, characteristic attenuation length (F-layer) ξI = 20.4 Å, coherence length (F-layer) ξf = 70 Å, λf = 0.179, ld = 5000 Å, ldw/ld = 0.015. Tcs is the critical temperature of bulk superconductor. See work [6] for more details. 
Periodic magnetic domains enable spatial alternation of the superconducting order parameter phase (0 and π states), forming superconducting phase domains with a specially selected thickness of the ferromagnetic layer. This state was previously proposed for special design of the Josephson junction [7]. In the cited work, the S‑F/N‑sIS system was considered, where the normal metal area and the homogeneous ferromagnetic region serve as the domain wall and the domain itself, respectively. For the S/F/S system geometry considered in our research there is a set of π-contacts in the plane of the boundary, and alternating 0- and π- contacts perpendicular to the boundary (see Fig.2). Such system can be used as a controllable 0-π Josephson junction [8], by adding small superconducting contacts separated from the system by a nonmagnetic barrier. The contacts can be placed either on the S layers separated by the ferromagnetic layer or both on a thinner S2 layer. The F/S/F system can be used in a similar way if a small superconducting contact is placed on the surface of the polydomain ferromagnetic layer. Phase control can be achieved by manipulating domain wall positions via an external magnetic field or switching magnetization in adjacent layers [9]. The predicted phase domains in the S/F/S and F/S/F systems can be useful for superconducting spintronics and memory elements.
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