
Control of Hall effect by strain in Weyl semimetal Mn3Sn 
Scientific Achievement 
IQM scientists have shown that the sign and magnitude of 
the Hall conductivity in Mn3Sn can be controlled by the 
application of uniaxial strain. 

Research Details 
• Common wisdom holds that the anomalous Hall effect is directly 

related to magnetization. 
• Uniaxial strain reverses the Hall conductivity of Mn3Sn but not 

magnetization, showing the former is not controlled by the latter. 
• Conventional wisdom is thus wrong. The AHE is tied to the 

electron Berry curvature, not magnetization. 
• Our work opens a new mechanical way of controlling the 

electrical properties of Mn3Sn. 

c Significance and Impact
Mn3Sn is an antiferromagnetic Weyl semimetal exhibiting the 
anomalous Hall effect (AHE). Its Hall conductivity depends on 
its magnetic state. Our experiments show that the magnetic 
state and the Hall conductivity in Mn3Sn can be manipulated 
not only by a magnetic field but also by uniaxial strain. 

a. Schematic of experiment. b. Sample and setup. c. Hall resistivity v. 
magnetic field at constant strains (experiment). d. Same (theory). 
M. Ikhlas, S. Dasgupta, F. Theuss, T. Higo, S. Kittaka, B. J. Ramshaw, 
O. Tchernyshyov, C. W. Hicks, S. Nakatsuji, Nature Physics (2022). 
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Background: ordinary and anomalous Hall effects 

The anomalous Hall effect
Asymmetric scattering of current-carrying electrons

by magnetic atoms gives rise to a voltage that can serve as a sensitive
and versatile measure of magnetic phenomena in metals.

Gerd Bergmann

The Hall effect  is observed when a mag-
netic field  is applied  to  a metal through
which a current flows: The current car-
riers are deflected  in the field, giving rise
to a transverse electric field.  In a ferro-
magnetic metal the embedded magnetic
moments produce an anomalous Hall ef-
fect. Because  it depends  on both elec-
tronic and magnetic properties  of the
metal, the anomalous Hall effect has be-
come  a useful experimental tool for
solid-state physicists.  In our laboratory
in Julich, for example, we have used the
effect  to study extremely thin magnetic
layers and  to observe the propagation of
conduction electrons in a metal.

The Hall effect

To understand the anomalous Hall ef-
fect, let  us first see how the Hall effect
arises in a normal metal. Consider a plate
of metal  in  an external magnetic field
perpendicular  to the plate,  as shown  in
figure la. When a current flows along the
plate the electrons are forced into curved
paths by the magnetic field and build  up
electric charges on opposing edges of the
plate. The resulting electric field, called
the Hall field,  is perpendicular  to the
current and the magnetic field, and  it
counteracts the deflection due  to the
magnetic field. The sign of the Hall field
depends on the sign of the charge carriers;
if they are holes the field  is opposite that
shown in the figure.

The Hall field, E\\,  is proportional  to
both the current density,  j ,  and  to the
magnetic field, B:

EH  = P'HJ  =

Here pn  is the "Hall resistivity;"  it  is a
transverse component  of the resistivity
tensor. The coefficient Ro is the normal
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Hall constant.  In the free-electron theory
of electric conduction

Ro= -line

(n  is the density  of electrons and  e  the
magnitude of their charge).

Now consider  a  plate  of metal con-
taining an atom with a magnetic moment,
as in a magnetized ferromagnet. Suppose
the magnetization is, again, normal to the
plate.  If  we pass  a current through the
plate the electrons are scattered  by the
atom, and because  of its magnetization,
the scattering  is asymmetric.  In the ar-
rangement shown  in the figure, for ex-
ample, more electrons are scattered to the
right than  to the left.

The asymmetry in the scattering causes
charges  to build  up  on the edges  of the
plate again, producing  an electric field,
the "anomalous Hall field," perpendicular
to the current and the magnetization.
The anomalous Hall field  is proportional
to the current density and the magneti-
zation:

Es  = pj  =  RsMj

The coefficient  ps  is the "anomalous Hall
resistivity" and Rs  is the "anomalous" (or
"extraordinary") Hall constant. The
magnitude of Rs  depends on the material
and its structure.

The anomalous Hall resistivity  is par-
ticularly large  in amorphous ferromag-
netic metals. The atoms  of  an amor-
phous metal have no periodic structure;
so practically every atom scatters the
conduction electrons. The asymmetries
in the scattering  by each single magnetic
atom add together, and the anomalous
Hall constant R*  in such materials  is
larger than the normal Hall constant Ro
by  a  factor  of  a  hundred  to  a  thousand.
One must apply  a magnetic field  of the
order of 1-10 MG to obtain a comparable
Hall resistivity by the normal Hall effect.

This effect  is a dramatic demonstration
of the strength  of the asymmetric scat-
tering by magnetic atoms.

Figure 2 shows the anomalous Hall re-
sistivity for  a thin, amorphous, ferro-
magnetic film of FesoAuso as a function of
the applied magnetic field. When  no
external field  is present the film  is mag-
netized within the plane  of the film, the
z-component  of the magnetization van-
ishes, and there is no anomalous Hall ef-
fect. For magnetic fields less than the
saturation magnetization  of the film, the
2-component of the magnetization equals
the applied magnetic field (because of the
high demagnetization factor  of the thin
film) and the anomalous Hall resistivity

Origin of the Hall effect,  (a) Electrons carrying
current through a metal slab are deflected by a
magnetic field.  As a result, negative charge is
built up on the near face and positive charge on
the far face  of the  slab,  (b)  An atom with  a
magnetic moment scatters current-carrying
atoms asymmetrically.  If the slab  is magne-
tized, one face (the near face in the illustration)
acquires  a net negative charge as more elec-
trons are deflected toward it.  Figure 1
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Ordinary Hall effect (1879) 
Caused by the Lorentz force deflecting moving 
carriers of electric charge. Requires an applied 
magnetic field B. 

Ex = R0 jy Bz 

Anomalous Hall effect (1881) 
First observed in ferromagnetic metals. Requires a 
field breaking the time-reversal symmetry such as 
magnetization M. 

Ex = Ra jy Mz 

AHE is an electric read-out for a magnetic state. 
Modern theory relates AHE to the Hall vector K, a 
“magnetic field” felt by electrons in k-space: 

jx = (e2/h)E y Kz 



Mn3Sn: weak ferromagnet with strong Hall effect 

3 

Hexagonal antiferromagnet with 3 sublattices 
Magnetic order below TN = 420 K with spins in the 
ab plane with 3 sublattices rotated 120º relative to 
one another. 

Imperfect 120º alignment creates net magnetization 
M of 0.001 Bohr magneton per Mn, allowing for 
control of magnetic order with a magnetic field. 

AHE with j and E in the plane orthogonal to M. 
Reversal of E in AHE points to the reversal of 
magnetic order. 

S. Nakatsuji et al., Nature 527, 212 (2015). 
T. Šmejkal et al., Nat. Rev. Mater. 7, 483 (2022). 



Magnetic order in Mn3Sn

4 

magnetic Hall vector K is the order parameter 
spins can be obtained from K by local mirror reflections 

odd hours: Mn3Sn 
even hours: Mn3Ge 



Coupling of the magnetic order to external fields

⇢H/⇢H|"=0 reversibly changes its sign under strain cycles, indicating that the samples remained elastic

up to 0.3% strain (⇠ 360 MPa)—in contrast with the magnetization sample which fractured for

 > 300 MPa. This is consistent with the previous studies which demonstrate that stress can

be applied more homogeneously through epoxy in comparison to anvil-based cells.[38] Similar to

the stress-induced enhancement of the magnetization, the strain-induced sign reversal of AHE only

occurs for T > TH (Fig. 3g), which shows that both phenomena are intrinsic to the antichiral phase.

The piezomagnetism, and the reversal of AHE are captured in a Landau theory for the order

parameter K (Supplementary). Deep in the ordered phase, the Hall vector has a well-defined mag-

nitude K and can be parametrized by its azimuthal angle ΦK in Eq. (1). Its coupling to an in-plane

magnetic field, H = H(cosΦH , sinΦH), and to shear strain, ("xx  "yy, 2"xy) = ✏(cos 2Φ✏, sin 2Φ✏),

are restricted by the symmetries of rotation and time reversal. The energy terms bilinear in the

local anisotropy strength (> 0), magnetic field H, and shear strain ✏ are:

U = HK cos (ΦK  ΦH ) +  ✏K2 cos (2ΦK  2Φ✏) +  ✏HK  cos (ΦK + ΦH  2Φ✏). (4)

The first term here is the Zeeman coupling H · M to the weak ferromagnetic moment M = K

[41], the second term represents uniaxial anisotropy induced by strain, and the last term describes

piezomagnetism.[4] For brevity, material constants andK in Eq. (4) are set to unity by an appropriate

choice of units for the energy density, field, and strain.

Owing to the piezomagnetic term, MS changes linearly with in-plane uniaxial strain. For the

configuration of Fig. 2a, the magnetization along H, per formula unit is (Supplementary):

M =
~S
2J

(  ✏) +
~22

2J
µ0H, (5)

where the first (last) term is the spontaneous MS (paramagnetic) component. For tensile strain of

✏ = , the strain-induced magnetization compensates the zero-strain magnetization. Note that the

susceptibility  = @M/@H is independent of strain, as observed in experiment. Assuming a local

moment of S = 3/2 and the gyromagnetic ratio of  = 2µB/~,[42] the fitting of Eq. (5) to our results

shown in Fig. 2 yields the parameters d✏/d ⇠ 0.155 meV/GPa, J ⇠ 8.6 meV,  ⇠ 0.02 meV; the

latter two parameters are consistent with neutron scattering experiments.[43]
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H = (H cos ΦH , H sin ΦH , 0) 
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K = (K cos ΦK ,K sin ΦK , 0)Magnetic order parameter 

Magnetic field 

Shear strain in the xy-plane 

Landau free energy density: 
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✏xx − ✏yy = ✏ cos 2Φ✏, ✏xy + ✏yx = ✏ sin 2Φ✏ 

“Zeeman” term “magnetostriction” “piezomagnetism” 

is the strength of local anisotropy (easy axis)
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