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Supplementary note 1: Geometry-dependent critical field of conical-saturated transition
In chiral magnets, the critical field  could indicate the transition field between the conical and saturated states. They will undergo the second-order transitions with continuous variations of the magnetic susceptibility  (second derivative of the energy) as a function of the external magnetic field . Its analytical solution can be expressed as:  ( for FeGe) regarding the micromagnetic parametersS1–S3. Its derivation is based on the system without the contribution of magnetostatic interactions. However, we find the magnetostatic interaction could play a significant role in modulating conical-saturated transitions, which is dependent on the sample geometry (Fig. S1). It gives rise to a shape anisotropy which has a tendency of reducing the total magnetic moment by driving the magnetisation vectors away from the surface normal. Therefore, in a relatively flat nanodisk with a small length-to-diameter ratio, the magnetisation tends to align in the  plane accompanied by a high critical field (), in analogy to a hard-axis model with a negative uniaxial anisotropy constant (); in contrast, for a large length-to-diameter ratio, the system can be intuitively regarded as a nanorod, where an easy axis points along the rod ( axis) with a positive , which has an effect of lowering the critical field ().[image: ]
[bookmark: _Ref109713668]Fig. S1 Critical field of transitions between the conical and saturated states. a Contour plot of the critical field  (background colour) regarding the sample diameter  and length (thickness) , in the units of . b Critical field  shown as a function of the length divided by diameter . The nanodisk geometries simulated in this work are indicated by the square, with the diameter of  and the length (thickness) of , and the adjusted critical field is .  indicates the critical field of FeGe chiral magnets without considering the effect of magnetostatic interactions.


In this work, the geometry of nanodisks is chosen with the diameter  and length (thickness)  unless specified elsewhere, and it leads to an adjusted critical field . The results are directly extracted from the micromagnetic simulations, and the critical fields with respect to the sample geometry are shown in Fig. S1.


Supplementary note 2: Metastable chiral bobbers in -thick nanodisks
We have shown that single chiral bobbers can exist with two different penetration depths  in -thick nanodisks (Fig. 1i in the main text). The presence of finite energy barriers between them prevents their transitions from one type to another (Fig. 3b in the main text). These objects can be imaged by various techniques, such as Lorentz transmission electron microscopy (LTEM)S4–S6, TEM mode of off-axis electron holographyS5–S8, scanning transmission x-ray microscopy (STXM)S4, and x-ray photoemission electron microscopy (XPEEM)S9. As chiral bobbers with different  have unique topological Hall responses (Fig. 2b in the main text), their detection and distinction can also be realised by electrical measurements. It paves the way for being utilised as multi-bit information carriers, and theoretically, the total number of possible states increases as a function of the thickness (in the order of ). Here we present four types of chiral bobbers that can be stabilised as metastable states, at the bottom surface (bCB) of -thick nanodisks (Fig. S2). HC states and skyrmion tubes can be regarded as special chiral bobbers with no penetration into the film (, Fig. S2a) and penetration through the film (, Fig. S2f), respectively. Based on the relative total energy (Fig. S2g) and the minimum energy path (Fig. S2h), these chiral bobbers have distinct energy landscapes, and although bCB4 and SkT are approximately identical in energy, a large energy barrier ( in this work) still exists between their transition paths.



[image: Chart  Description automatically generated with low confidence]
[bookmark: _Ref109712944]Fig. S2 Chiral bobbers in -thick nanodisks. a-f A single chiral bobber at the bottom surface (bCB) can be stabilised with different penetration depths  (in the units of  for FeGe). The sample geometry is a nanodisk with the diameter of  and thickness of , and the critical field of conical-saturated transitions is . g Relative total energy of these textures as a function of the magnetic field . h Minimum energy path between the HC state and SkT, and the local minima correspond to the states at  in the dashed square region of g. 
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