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Exotic quantum spin liquid (QSL) is made with 
such hypothetic particles as fermionic spinons 

which carry spin 1/2  and no charge. A great 
variety of QSL are discovered in theory. The 

experimental identifying of QSLs heavily 
depends on theoretical interpretation making 
the search for the corresponding material to 

investigate spin liquid a challenge in 
condensed matter physics.



Mineral Herbertsmithite ZnCu3(OH)6Cl2 is an 
insulator

T.T. Han et.al.,
PRB 83, 100402 (2011).,  8



We show that:

Mineral Herbertsmithite represents a fascinating 
experimental example when new particles-spinons, 
non-existing as free ones, dominate its properties 

at low temperatures.

Caused by the spin-charge separation the low-
temperature thermodynamic, heat transport and 

relaxation properties of the insulator herbertsmithite are 
similar to those of metals rather than of insulators.

Herbertsmithite is a new type of strongly correlated 
electrical insulator that possesses properties of 

heavy fermion metals with one exception: it resists 
the flow of electric charge.



(Herbertsmithite)  ZnCu3(OH)6Cl2.

Cu2+(large brown spheres)

Zn2+(small red spheres)



Tian-Heng Han et al., Nature, December 2012, 
"Fractionalized excitations in the 

spin-liquid state of a kagome-lattice 
antiferromagnet"

The experimental realization of 
quantum spin liquids is a long sought
goal in physics, as they represent new 

states of matter. A key feature of
spin liquids is that they support exotic 

spin excitations carrying fractional 
quantum numbers. However, detailed 
measurements of these ‘fractionalized 

excitations’ have been lacking. 
Neutron scattering measurements on 
single-crystal samples of the spin-1/2 
kagome-lattice antiferromagnet called 

herbertsmithite, provide striking 
evidence for this characteristic feature 
of spin liquids. At low temperatures, 

the spin excitations form a continuum, 
in contrast to the conventional

spin waves expected in ordered 
antiferromagnets.



The lattice is 
“frustrated”  
because if an up- and 
down-spin occupy 
two corners of a 
triangle, the spin on 
the third corner does 
not know which way 
to point to obtain the 
lowest-energy 
configuration .

JETP Lett. 94 252 (2011)
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Normal Fermi liquid Fermi liquid with a flat band

Normal Fermi liquid and Fermi liquid with the flat band
are separated by Fermion Condensation

Quantum Phase Transition (FCQPT) 

T=0
T=0

V. R. Shaginyan, M. Ya. Amusia, A. Z. Msezane, and K. G. Popov,  Phys. Rep.  492, 31 (2010)

V. A. Khodel and V. R. Shaginyan, JETP Lett. 51, 553 (1990)



THE LANDAU EQUATION FOR THE EFFECTIVE MASS M*
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At FCQPT the band is flat and M* is infinite, while the equation 
becomes homogeneous, and is solved analytically   
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An approximate solution of the Landau equation 
when the effective mass M* tends to infinity.

.;)()(* 3/2 BTBBM MM ∝∝ − .)(* 3/2−∝TTM

.
)2(

)](),,([
),(

),(*

1
3

0

3 π
pd

p

pnBTpn
ppf

p

pp

BTM F
F

F

vrr

∂

−∂
=∫

Inflection point T*

TM





LFL





.;
1

1

*

),,(*
)(*

3/8
2

2
1

MM
N T

T
y

yc

yc

M

xBTM
yM =

+
+

≈=



V. R. Shaginyan, A. Z. Msezane, and K. G. Popov, Phys. Rev. B 84, 60401(R) (2011)





Y=T/Tk

Y=B/Bk



Specific heat versus T in ZnCu3(OH)6Cl2 .



The specific heat Cspin(B,T)/T versus magnetic field B 
measured on ZnCu3(OH)6Cl2 as a function of temperature.

Cspin=C - Cphonon

.,3 TCTC spinphonon ∝∝



The normalized specific heat Cspin(B,T)/T and 
susceptibility  versus magnetic field B measured 
on ZnCu3(OH)6Cl2 as a function of temperature.

V.R. Shaginyan, A.Z. Msezane, K.G. Popov, G.S. Gaparidze, V.A. Stephanovich, 
Identification of Spin Liquid, Europhys. Lett. , Europhys. Lett. 97, 56001 (2012). 



The heat capacity C(T)/T
as a function of B.
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Dependence of spin-lattice relaxation rate at various  magnetic fields and 
at fixed temperature in HF metal YbCu4.4Au0.6 and ZnCu3(OH)6Cl2.

P. Carretta et al., PR B 79, 020401R, 2009; T. Imai et al., PRL 100, 077203 (2008). 

V.R. Shaginyan, A.Z. Msezane, K.G. Popov, G.S. Gaparidze, V.A. Stephanovich, 
Identification of Spin Liquid, Europhys. Lett. 97, 56001 (2012).

Spin-lattice relaxation rate of quantum spin liquid





QSL in the organic compound 

The organic insulator EtMe3Sb[Pd(dmit)2]2.



Thermal Transport EtMe3Sb[Pd(dmit)2]2
k-(BEDT-TTF)2Cu2(CN)3

are likely to host QSL







Shaginyan et al., Physics Letters A 376 (2012) 2622.





Kazuhiko Deguchi et. al., Natures 
materials, “Quantum critical state in a 

magnetic quasicrystal” (2012)





Our calculations unveil the fundamental properties of QSL, forming strongly 
correlated Fermi system located at FCQPT. The key features of our findings are 

the presence of spin-charge separation and QSL formed with itinerant heavy 
spinons in herbertsmithite. Herbertsmithite represents a fascinating  

experimental example of strongly correlated insulator  when the new particles -
spinons, non-existing as free ones, totally replace the initial particles entering 

the Hamiltonian to dominate the properties at low temperatures.



SUMMARY

Herbertsmithite is a fascinating experimental example when new 
particles-spinons, non-existing as free ones, dominate its properties at 

low temperatures.

We have also demonstrated that  the insulators with QSL exhibit the 
Landau Fermi-Liquid, Non-Fermi Liquid  and the transition behavior as 

HF metals and 2D 3He do.

Our calculations of the thermodynamic and relaxation properties are in 
good agreement with the experimental facts and their scaling behavior 
coincides with that observed in HF metals, 2D 3 He, and quasicrystals.

Caused by the spin-charge separation the low-temperature thermodynamic, 
heat transport and relaxation properties of the insulators with QSL are similar 

to those of metals rather than of insulators.

Insulators with QSL represent a a new type of strongly correlated 
electrical insulator that possesses properties of heavy fermion metals 

with one exception: it resists the flow of electric charge.
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