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Experimental methods for reconstructing magnetic phase diagram.
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Peak B is a marker of long-range
magnetic order (LRO).

Minimum A is a marker of short-range
magnetic order (SRO).




Experimental results. Belov-Arrott analysis of magnetization.
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Both susceptibility and
Arrott analysis give
characteristic temperatures
above transition into the

magnetic phase with spiral
LRO. These temperatures
corresponds to formation
of the magnetic phase with
SRO (chiral spin liquid).

There are two quantum critical points, X" and X.. The first QC point X ~0.11
corresponds to disappearance of LRO and is an underlying one, which is

hidden inside the SRO phase. The second QC point X.~0.24 is a “true” one
and marks suppression of the magnetic phase with SRO (chiral spin liquid).

Quantum bicriticality in Mn,_ Fe,Si solid solutions.



The model. Idea and results.
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critical fluctuations.

Phase with short-range order is formed when fluctuations slow down and freeze.

Fluctuations freeze when their radius reaches critical value controlled by
disorder (or defects) in the system.
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{% The model. Calculation details.
%o

ﬂ:lassical fluctuatio ns (CF): R, = &

Quantum critical fluctuatio ns (QF): R, =a, To

Defects and disorder (percolation) :
I
(1-x/x.)
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Crossover between classical and quantum critical fluctuations.

No Te,(X) in the 9y/oT data! Analysis of the resistivity data:
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The predicted crossover line is observed in the resistivity data due to scattering
on magnetic fluctuations (Yosida mechanism).

In the case of static susceptibility these fluctuations are averaged and don’t
affect (T ) data.
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Microscopic model for spiral ordering along (110) on the MnSi lattice alon g (110)
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In Heisenberg paradigm RKKY exchange e
defines J;, J,, J; parameters, which may be -t
tuned by variation of the electron concentration.
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Yosida mechanism holds Magnetoresistance maximum evolution
in Mn,_Fe,Si. with iron concentration.
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Strong broadening of the line width
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(enhancement of spin fluctuations) -20 —10 0 10 20 30 40 50
with iron concentration. I'=Tgp (K)

Universal scaling W(T )/W(Tgp)=1+a(T-Tgp)? for all concentrations except
qguantum critical points x* and x..

Violation of the standard Korringa relaxation law W(T )~1/¢(T )~(T-Tgp).

Weakening of the W(T) temperature dependence just at quantum critical points.



Theory of the ESR in strongly correlated metals
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Korringa relaxation should be valid even in
strongly correlated metallic case DERY:
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(2009).
Reasonable fit of the experimental data assuming T, ~Tgp,
l.e. T, ~11 K for x* and T, ~0 K for Xx..

Even in strong magnetic field QC points x* and x. derived in the limit B—»0 are still here.

ESR is aright tool to visualize QC points including the underlying QC point.



} Conclusions.

14

Magnetic phase diagram of Mn, ,Fe,Si is driven by
the sequence of two quantum phase transitions.

First (underlying) QCP is located at X ~0.11 and
controlled by exchange effects.

Second QCP is located at X.~0.24 and Is disorder controlled. This QC
point corresponds to the change of the magnetic system topology at

the percolation threshold. For X>X; ground state is a Griffiths phase.

New line on T-X diagram, which corresponds to a crossover between
the classical and quantum fluctuations, is predicted in quantum bicritical
model and observed experimentally.

Substitution of Mn by Fe leads to enhancement of spin fluctuations
(aroute from Heisenberg to itinerant case).

Anomalous spin relaxation is a tool to visualize QC points in ESR
experiments.
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