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Results and discussion
We have started with investigation of the relationship between the pristine low-field AF phase and the fractional plateau phase (FPP). In this case was the sample first heated up to 30 K and subsequently zero-field cooled to 2 K. Then the field H was with a sweep rate of 200 Oe/s increased to various fields between 15 and 17.25 kOe (to reach FPP states), and the time dependence of magnetization (M) measured (Figure S1). The observed dependencies show a marked increase of M with time only for H  15 kOe. But also for H = 16.5 kOe, close to the half plateau phase (HPP) field, the time dependence of M/Msat does not reach the expected FP value of 1/8, not even in a few hours.
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Fig. S1. Time dependencies of magnetization after zero-field cooling to 2 K and increasing the field to a value located in the supposed FPP between 15 and 17.25 kOe. The observed dependencies show an initial increase (for H < 17 kOe), however, with no clear tendency to reach the M/Msat = 1/8 fractional plateau.
To see in which H - T region the new altered AF phase is stabilized, the experimental procedure (shown in Figure 3) was performed at various temperatures between 2 and 5.5 K. For the better visualization of Néel phase alterations at each temperature, the difference between pristine (Mpristine) and “after magnetizing” at 20 kOe (Mafter20kOe) magnetization curves is plotted (see Figure S2). One can see that changes of ∆M appear at 6 kOe for temperatures below  4 K and increase with lowering temperature.
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[bookmark: _GoBack]Fig. S2. Alteration of the Néel phase magnetization at various temperatures after lowering the field from 20 kOe.

As a reference experiment, a magnetization curve and a corresponding heat capacity dependence were measured by the following way (protocol): (1) - the sample was cooled from 30 K to 2 K in zero field, (2) - then the field H was ramped to 50 kOe where M = Msat, (3) - data (either M or C/T) were collected on ramping H down to 0 kOe, (4) - M or C/T were measured on ramping H back up to 50 kOe. The obtained results (see Figure S3) show a qualitatively very good agreement with the work of Trinh et al. [1] which justifies the use of high precision ac-calorimetry.
[image: ]

Fig. S3. Field dependences of relative heat capacity divided by temperature, C/T (blue and red line, obtained by ac-calorimetry) and magnetization M (black points).
Further it was shown that at states with very low M/Msat values (obtained after annealing), flat plateaus can be observed in field between about 14 and 18 kOe (Figure S4). On the other hand, thermal annealing of the HPP at 25 kOe lead to no changes of magnetization or heat capacity at 2 K, from which also follows that this HP phase is thermodynamically stable and represents a ground state.
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Fig. S4. Flat magnetization plateaus at 2 K obtained after annealing to different temperatures Tmax. With increase of Tmax the value of magnetization plateaus decreases. The detailed field and temperature protocol of performed procedure is shown in the bottom of this figure.
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