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S1. Principle of reconfigurability
The key of the proposed reconfigurable element is the conversion between non-diffractive transmission and wavelength-polarization-dependent diffraction. It can be achieved by active liquid crystals, phase-change materials, cascaded metasurfaces, etc. Here, we employ a simple way, i.e., two cascaded catenary-like metasurfaces, to demonstrate the concept of dual-mode detection. Considering two catenary-like metasurfaces (M1 and M2) with the same period of p are placed consecutively but with different angles of θ1 and θ2 along the x-direction, respectively. When the left-handed or right-handed circularly polarized (LCP or RCP) light passes through such a reconfigurable element, the transverse wavevector of the transmission light satisfies the following equation: 

		 (S1)
[bookmark: _Hlk130283180]where Kout/Kin is the transverse wavevector of transmissive/incident light, and G1/2 is the transverse wavevector of two catenary-like metasurfaces. Kin and G1/2 can be expressed as:
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[bookmark: _Hlk119933603]where k0 = 2π / λ indicates the wavevector of the incident light, λ is the wavelength, ξ is the field of view (FOV) angle between the incident light and the z-direction, φ is the azimuth angle of its projection on the xy-plane, p is the catenary period, and the sign of +/- depends on the spin state of circularly polarized light. Owing to the spin/polarization-dependent dispersion, one could detect the polarization properties along with spectral detection, which is helpful in artificial object identification. The minus sign outside the brackets of Eq. (S4) is due to the spin flip by M1. The wavevector Kout in the transmission can be expressed as:

		(S5)
To fully collect transmitted light of the reconfigurable element, a broadband achromatic Fourier lens group, consisting of a refractive Fourier lens and a phase meta-corrector, is employed, whose effective FOV should be larger than the maximum diffraction angle of both the imaging and spectral modes. Here, the landscape lens design is adopted, and the reconfigurable element is placed at the front of its aperture stop. The chromatic aberration of the refractive Fourier lens with positive dispersion is corrected by the phase meta-corrector with negative dispersion. Let’s assume that such an achromatic Fourier lens group with a focal length of f allows an ideal focus shift as:

		(S6)
By controlling the rotation angles of θ1 and θ2, the reconfigurable element could provide zero and negative frequency dispersion for the two modes. When the difference between θ1 and θ2 is 0, corresponding to the imaging mode, the focus shift (sx and sy) on the image plane is independent of wavelength and only depends on the FOV and azimuthal angle of ξ and φ. In this case, the meta-optical system works as a broadband large-FOV imager. In contrast, M1 or M2 is rotated to make θ1 ≠ θ2 the incident light rays from the same FOV will have a wavelength-spin-dependent focus shift in the image plane. The first-order derivative of the focus shift relative to λ can be written as:

		(S7)
[bookmark: _Hlk119934869][bookmark: _Hlk119934915][bookmark: _Hlk120043239]It can be concluded that the spectral splitting direction is independent of the incident FOV and wavelength, which is conducive to extracting spectral information. The spectral splitting orientation of β along the x-direction is determined by:

	 	(S8)
According to the Rayleigh criterion, the spectral resolution can be given as:

[bookmark: _Hlk142126038]		(S9)
where RAiry indicates the Airy disk radius and D is the effective aperture of the meta-optical system. It is concluded that the spectral resolution and spectral splitting orientation can be independently controlled, which is conducive to avoiding spectral crosstalk among multiple objects.
For the spectral mode, the projection positions at different wavelengths can be calibrated by an adjustable laser. In contrast, the imaging mode requires the included angle between the two cascaded catenary-like metasurfaces to be equal to zero, that is, θ = θ1 - θ2 = 0. In the following, we derive the acceptable angular alignment error. The first-order derivative of the focus shift relative to θ can be written as: 

		(S10)
According to the Rayleigh criterion, the acceptable angular alignment error can be written as:

		(S11)
As a result, for the imaging mode (θ = θ1 - θ2 = 0), the acceptable angular alignment error is 1.22p/D in the unit of rad. When the included angle is larger than this value, the imaging resolution will decline rapidly. In our design, p and D are 1/17 mm and 5 mm, respectively, corresponding to the error of 14.35 mrad (0.82°). Our mechanical structure can support the accuracy of ~0.1 ° in principle, and the actual accuracy is approximately 0.5°, meeting the requirement.

S2. Meta-system design
[bookmark: _Hlk130214441][bookmark: _Hlk129448796][bookmark: _Hlk129617067][bookmark: _Hlk129616784][bookmark: _Hlk129617325][bookmark: _Hlk130220413][bookmark: _Hlk130458255][bookmark: _Hlk130242371]The diagram of the meta-system is shown in Fig. S1. The meta-system has a focal length of 11.5 mm, an effective diameter of 5 mm, and a near-diffraction-limited FOV of 60°×60°. The system consists of six elements. From left to right are the cascaded catenary-like metasurfaces (M1 and M2), phase meta-corrector, aperture stop, germanium lens, and sensor, respectively. The two catenary-like metasurfaces are fabricated on two independent silicon wafers to enable relative rotation between them with a distance of 0.5 mm. The size of the rectangular area is 8 mm×8 mm, which is larger than the aperture diameter of 5 mm. Therefore, all incident light is modulated and there is no energy loss. The phase meta-corrector is processed on another silicon wafer closely attached to the second catenary-like metasurface and it is overlapped with the aperture stop. The thickness of these three silicon wafers is 0.5 mm. The germanium lens is 3.77 mm distant from the phase meta-corrector, and the curvature radii of the two-sphere surfaces are 33.329 and 19.059 mm, respectively. The phase distribution along the radial direction of the phase meta-corrector is optimized by the ray-tracing method and is shown in Fig. S2. The phase meta-corrector is enabled by a mature eight-step diffractive element design whose central wavelength is set as 11 μm. The simulated spot diagrams in Fig. S3 at different wavelengths reveal that all light rays are within their corresponding Airy disks, showing near-diffraction-limited focusing performance.
[image: ]
Fig. S1. Detailed assembly parameters of the meta-system.

[image: ]
Fig. S2. Phase distribution of the phase meta-corrector.

[image: ]
Fig. S3. Simulated spot diagrams at different wavelengths. The black circles indicate their corresponding Airy disks. Scale bare: 20 μm.

S3. Design and of catenary-like metasurfaces
[bookmark: _Hlk130222044][bookmark: _Hlk130417305]The principle of the catenary-like metasurface for phase control is based on the geometric phase carried on the spin-flipped component. As shown in Fig. S4(a), the unit cell of the catenary-like metasurface is a one-dimensional grating and operates as a local 1/2 waveplate to implement the geometric phase of -2σα with high efficiency, where σ = ±1 indicates the spin state of incident circular polarization and α is the local rotation angle of the grating fins. The polarization-conversion efficiency spectrum of the unit cell is displayed in Fig. S4. It is defined as the ratio of the power of transmissive spin-flipped light to the total transmissive power. As can be seen, the average polarization-conversion efficiency can exceed 99% within 8~14 μm. The finite-element method in CST Microwave Studio was applied to simulate unit cells. A perfectly matched layer boundary condition was employed in the z-direction, and the unit cell boundary conditions were applied in the x- and y-directions. The refractive index of silicon was set as a constant at 3.36 [1].
The phase distribution of the catenary-like metasurface is -2σπx/p, which means the orientation distribution of the grating fins is α = πx/p. To fully collect the transmitted light of two cascaded catenary-like metasurfaces, the maximum diffraction angle should be smaller than the FOV of the broadband achromatic Fourier lens group. The period p of the catenary-like metasurface is 1/17 mm (17 lp/mm) along the x-direction and is periodic along the y-direction, where the unit of lp/mm indicates the number of periods in 1 mm. Since the orientation profile linearly changes with the coordinates, its structural streamline illustrated by the dashed curve in Fig. S4(b) forms the “catenary of equal strength”: y = p/π·ln|sec(πx/p)| according to mathematical integral. In the specific design, it has been quantified by 8 levels and each part has a width of 6.5 μm, as shown in Fig. 4(b). 

[image: ]
Fig. S4. (a) Polarization-conversion efficiency spectrum and schematic diagram of the unit-cell of the catenary-like metasurface. Geometrical parameters: h = 6 μm, d1 = 1.52 μm, and Λ = 2.38 μm. (b) Schematic diagram of the catenary-like metasurface.
Fig. S5 show simulated diffraction efficiency defined as the ratio of the diffraction order power to the total transmitted power. The average diffraction efficiency reaches 93.3% within 8 to 14 μm. The measured diffraction efficiencies of LCP and RCP light are about 85% (84.06% for LCP light and 85.04% for RCP light) at the wavelength of 10.6 μm. The diffraction efficiency is defined as the ratio of the diffraction order power to the total transmitted power.

[image: ]
Fig. S5. Simulated diffraction efficiency.
S4. Sample fabrications and experimental setups
The patterns of the catenary-like metasurfaces were fabricated by means of direct laser writing on photoresist on a double-sided polished silicon wafer. Then, inductive-coupled plasmonic etching was employed to transfer the patterns into the silicon wafer to form the structure. The phase meta-corrector was fabricated through multiple overlay procedures using direct laser writing and inductive-coupled plasmonic etching. The double sides of the refractive germanium lens and the phase meta-corrector were coated with an antireflective layer. In addition, a single side of each catenary-like metasurface was coated with an antireflective layer.
[bookmark: _Hlk119438935]As shown in Fig. S6(a) in the Supplementary Information, an adjustable carbon dioxide laser was utilized as the source to calibrate the spectral mode. After passing through an attenuator, the laser was normally illuminated on the meta-optical system. For the transmission spectrum measurement, the source was replaced with a mini blackbody (Infrasolid, HIS550R-OWC), as shown in Fig. S6(b). A filter function was used to smooth the spectra. For multi-target spectral detection, a row of ceramic lamps with an interval of about 150 mm was employed as the target, and the radiation beam was directly captured by the meta-optical system with an objective distance of about 1.5 m, as shown in Fig. S6(c).
[image: ]
Fig. S6. Schematic illustration of the experimental setup. (a) Spectral calibration. (b) Spectral measurement. (c) Multi-target spectral detection. (d) Demonstration of polarization-spectral detection ability.

S5. FOV measurement
As illustrated in Fig. S7(a), an infrared ceramic lamp and a rotation stage were employed to characterize the FOV at an objective distance of 2.89 m. The horizontal and vertical FOVs were respectively measured by rotating the meta-optical system 90 degrees along its optical axis. Superimposed imaging results of different half FOVs are displayed in Fig. S7(b). The criterion for judging the edge FOV is that the image dot is cut in half. The measured horizontal and vertical FOVs are 76° and 61°, respectively.
[image: ]
Fig. S7. Experimental result of FOV measurement. (a) Schematic of the optical setup. (b) Superimposed imaging results of different half FOVs.

[bookmark: _Hlk118713845]S6. Tunable spectral resolution by adjusting the included angle
The spectral resolution mainly depends on the included angle θ = |θ1-θ2| between two cascaded catenary-like metasurfaces, as shown in Fig. S8(a). The top of Fig. S8(b) is the spectral image detected with an included angle of θ = π/2, while the bottom of Fig. S8(b) corresponds to an included angle of θ = π. The spectral split length within 8~14 μm is proximately equal to ~1.66 mm and ~2.35 mm for θ = π/2 and π, indicating a noticeable improvement in spectral resolution.

[image: ]
Fig. S8. Tunable spectral resolution. (a) Schematic of two cascaded catenary-like metasurfaces. (b) Measured spectra for included angles from π/8 (top) to π (bottom) with an increment of π/8.

[bookmark: _Hlk111982652]S7. Demonstration of polarization-spectral detection
The verification of polarization-spectral detection is carried out by an experiment setup shown in Fig. S6(d). The thermal radiation from a blackbody (FuYuan Photoelectric HFY-300A) was conversed into linearly polarized light by a linear polarizer. After passing a quarter-wave plate and a bandpass filter with a central wavelength of 10.6 μm, the radiation beam was captured by the meta-system. Fig. S9 shows the results captured by the meta-system in the spectral mode with different included angles of Φ between the polarizer and quarter-wave plate. The bandpass filter is used to limit the spectrum of the radiation beam within the operating bandwidth of the quarter-wave plate. When the included angle is a positive integral multiple of 45°, the radiation beam will be converted to LCP or RCP.

[image: ]
Fig. S9. Polarization-spectral detection results.
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