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Supplementary Note 1: Transformation into a twisted spin frame

In the laboratory frame, the coupled-chain triangular-lattice antiferromagnet (TLAF) CsCuCls in a magnetic field
H parallel to the ¢ axis is well described by the following Hamiltonian [1]:
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where §; ,, denotes the local S = 1/2 spin on site ¢ of the n-th triangular layer. The ferromagnetic interaction between

the transverse (longitudinal) components of the nearest-neighbour spins along the ¢ axis is denoted by J3- (J(‘)l) and
the isotropic antiferromagnetic interaction between the spins in the ab plane is J;. The Dzyaloshinskii-Moriya (DM)
interaction D = (0,0,d), which favors helical spin structures along the ¢ axis, can be eliminated by the unitary
transformation [2]
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with the twist angle ¢ along the ¢ axis. By setting ¢ = arctan(d/2.J3 ), we can rewrite the Hamiltonian in the form
with no DM term as
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which is Eq. (1) of the main text. The parameters are related to those of the original Hamiltonian by Jy =

Jo/1+(d/2J3)? and Jo(1 — Ag) = J(‘JI. In the main text, we determine the pressure dependencies of the three
parameters Jy, Ag, and J; of the model Hamiltonian in the twisted spin space. Note that if the magnetic field has a
finite transverse component (say, o< y_. . CH ), this unitary transformation cannot simplify the model since one has to
deal with a non-uniform magnetic field with different directions for different layers (o Zzn(gfn cosng — Sly » SInNg))
as a trade-off for eliminating the DM term.

Supplementary Note 2: Differences in the pressure environment from the previous experiments by Sera et al.

In the comparison of the theoretical magnetization curves with the experimental data shown in Fig. 7, the agreement
seems to get slightly worse for larger values of pressure, especially at P = 0.9 GPa (Fig. 7d). A possible reason for
this is a slight underestimation of pressure due to the pressure inhomogeneity in the sample used in Ref. [3].

The large differences in the experimental conditions from the previous experiment by Sera et al. are the amount
of sample and the setting way of tin whose superconducting transition temperature is used for pressure calibration at
low temperature [4]. As for the amount of sample, we used a sample of 17.7 mg, while Sera et al. used a sample of



62.5 mg to gain the S/N ratio in their homemade magnetization measurement equipment [3]. Since the dimensions
of the pressure cells are similar, this causes a difference in sample length of about 3 times. In general, the pressure
inhomogeneity in a sample becomes larger as the sample gets longer since it occurs along the cylindrical axis in the
piston-cylinder type pressure cell when pressure-transmitting fluid freezes. Therefore, it can be said that the pressure
inhomogeneity in the sample was expected to be larger in the previous experiment by Sera et al. [3], compared to that
in the measurement of the present work. Regarding the setting of tin, we made a tube with almost the same height
as the sample, and put the sample into the tin tube (see Methods in the main text) in order to correctly detect the
pressure experienced by the sample. On the other hand, Sera et al. placed tin just below the sample [M. Sera, private
communication]|. It means that they measured the pressure only at the bottom of the sample with larger pressure
distribution.

Supplementary Fig. 2 shows the comparison of the pressure dependence of the reciprocal of slope of low-field
magnetization curves. It can be seen that the value obtained from the experiment by Sera et al. [3] becomes clearly
larger than that from our experiment for high pressures (= 0.75 GPa). Indeed, this fact suggests that the pressure
value measured in the experiment by Sera et al. may be slightly underestimated in the high pressure region, owing
to the pressure inhomogeneity in their long sample and the above-mentioned measurement method of the pressure.
Moreover, the pressure inhomogeneity could also make unclear the plateau structure and the inflection points in the
experimental magnetization curve for high pressures.
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Supplementary Fig 1: Fitting for magnetic susceptibility under pressure. Enlarged view of Fig. 4a in the temper-
ature range 50 < T < 100 K together with the best-fitting theoretical curves (solid lines) according to the tenth-order
high-temperature expansion [5] combined with the Padé approximation.
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Supplementary Fig 2: Fitting for magnetization curves under pressure. The reciprocal of the slopes of the low-field
magnetization curves shown in Fig. 4b is plotted as a function of pressure P, together with the ones extracted from the
experiments of Miyake et al. [6] and Sera et al. [3]. The theoretical curve obtained with the model parameters of Egs. (6-8) is
plotted by the solid line.



