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Supplementary Note 1: Metamagnetic transition from the AFM  phaseto a polarized para-
magnetic state

Due to the presence of the modulated magnetic phasesABMAFM,y/, the phase diagram of
LaCrGe is complex and shows several types of metamagnetic transitiBetweerz.1 GPa and

~ 2.5 GPa and at low temperatures, the successive metamagraetgitivns are between the
phases AFM,, FM1, and FM2. AR.65 GPa, AFM, and FM1 are separated by a region which
is most likely a polarized paramagnetic phase (PM). Theessize metamagnetic transitions are
between the phases ARM PM, FM1, and FM2. This can be seen in the field dependence of
the electrical resistivity a.65 and2.88 GPa shown in Supplementary Fig.The anomalies are
clearly visible in the field derivative.
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Supplementary Figure 1M etamagnetic transitions between AFM,, PM, FM1, and FM2.

(a) Field dependence of the electrical resistivity2dt, 13.5 K, and30K at 2.65 GPa. p) Corre-
sponding field derivatives (dd). The curves are shifted by uQ2cm T-! for clarity. (c) Field
dependence of the electrical resistivity2d€, 15K, and30 K at 2.88 GPa. () Corresponding field
derivatives (@/dH). The curves are shifted byu2cmT-! for clarity. Continuous and dashed
lines represent the field increasing and decreasing regglkgciVertical arrows represent the min-
ima, which correspond to the FM1 and FM2 transitions. Thessymbols represent the transition
between AFM)y or AFM, and the polarized paramagnetic phase.



Supplementary Note 2. Deter mination of thelocation of thetricritical point

In Ref. 1, the position of the tricritical point (TCP) was estimatexhniO K and1.75 GPa based on

a discontinuity in the resistivity as a function of presspfg). Here, we use measurements under
magnetic field to locate the TCP. When the paramagnetioifemgnetic (PM-FM)transition is of
the second order, the magnetic field applied along the magtien axis ¢-axis) breaks the time
reversal symmetry, so that no phase transition can occstedd, a crossover is observed resulting
in a broadening and disappearing of the anomalies. SuppkamyeFig.2a, shows the peak in
the temperature derivative of resistivity/dT" at various magnetic fields at67 GPa. The peak
amplitude decreases showing that the transition is of tbergkorder. This is in contrast with the
behavior atl .83 GPa (Supplementary Fig@b) where the peak first increases under magnetic field
indicating the first order nature of the transition. The atioh of the value of d/dT" at the peak
position as a function of magnetic field is shown in SuppletagnFig. 2c for various pressures.
We can distinguish two regimes: for pressures betow.75 GPa, the peak size monotonically
decreases with applied magnetic field; for pressure abadVeGPa, the peak size first increases
with field, reach a maximum at a field,, and then decreases. With this procedure, we find the
TCP to be neat.8 GPa, at which pressure the transition temperatué Is.
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Supplementary Figure A:ocation of the Tricritical Point. (a)-(b) Temperature dependence of
dp/dT at various magnetic fields at67 and1.83 GPa. Arrow in paneh represent th&: and panel

b represent thelwcp. (€) The variation of @/d7peax as a function of external field fqr < prcp,

P~ prep andprep < p < pe.

Forp > prcp, the location of the maximum value opfli7" at the peak position serves to
locate the wing critical point as a function of temperatypressure and magnetic field.

As pointed out in Supplementary Rdf, the fact that the TCP (nedr8 GPa and40 K)
and the Lifshitz point (neat.27 GPa andh6 K) are distinct points has interesting implications.
Between these two points, the transition line between theaRMAFM, phases is of the second
order. This implies that the wavevector changes continydusm ¢ = 0 in the FM phase to

@ > 0 in the AFM,, phase. In the region near this transition line, the wavereaust change its
value with temperature and pressure.



Supplementary Note 3: Deter mination of the three-dimensional 7-p-H phase diagram

In Supplementary Fi§, we show severdl-H phase diagrams at various pressures (as illustrated
in Supplementary Figl) . For each pressure, anomalies in the temperature and épkehdence

of the electrical resistivity are located and serve to aetlhe phase boundaries. To be complete,
and for future reference, we also indicate the location ohtdirmaxima or kinks in @d7" which

do not seem to correspond to phase transitions at this podrdiee most likely related to crossover
anomalies.

TheT-p-H phase diagram shown as Fagn the main text is constructed by combining all
theT-H phase diagrams at various pressures.
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Supplementary Figure 3f-H phase diagrams. Compilation of - H phase diagrams at various
pressures determined by tracking various anomalies ineimpérature and field dependence of
the electrical resistivity measurements u@tor 14 T. The hysteresis width for the drop i H)
(mimimum in d/dH) is also indicated. Lines are guides to the eyes. The pregmsitions are
shown in Supplementary Fig.



T T T T T
LaCrGe,
30 F I .
T=2K .
Ty IE /
20} B -
T f
<
10 - .
0

Supplementary Figure 4p- H phasediagram of LaCrGe; at 2 K. The black dashed lines indicate
the position of the pressures for the diagrams shown in Sopghtary Fig3. Note: Fig.4d in the
main text corresponds to the same figure limited.toGPa.
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