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Associated with the SDW,  a CDW is stabilized with a period 
twice shorter than the SDW one



Sliding in low-dimensional materials

Transition metal dichalcogenides MX2

Three Q vectors at 120°

Rare-earth tritellurides RTe3

unidirectional CDW either only on a axis, or both along a and c axis

CDW in three dimensional chromium
CDW Q vector orientated along the a, b, and c axis

One dimensional CDW and SDW materials
only a single Q vector



Sliding in one-dimensional spin density wave

A. Hoshikawa et al. J. Phys. Soc. Jpn., 69, 155 (2000) 





Spin density wave pinning in chromium

I.D. Parker and A. Zettl, PRB44, 5313 (1991)

Sample cut with size: 5mm x 0.1mmX 15 microns
Long axe along the 100 axis
Polished
Annealed vacuum 600°C
RRR larger than 200

No nonlinear effects up to 30 V/cm
to be compared to threshold field in 1D: 10mV/cm
or in TbTe3

Multi Q structure



Laser-induced CDW transient depinning in chromium

VRL Jacques et al. PRL 117, 156401 (2016)

Time-resolved x-ray diffraction measurements following femtosecond laser excitation

Evolution of the CDW reflexion on the vertical and horizontal directions

Breaking of the lattice point symmetry



Chromium thin films

Thin films were grown by laser ablation from pastilles frittées on (100) MgO substrats
They were characrerized in situ by reflection high-energy electron diffraction (RHEED),  ex-situ by X-ray diffraction
In the oscillating-crystal mode using a Weisenberg camera and high tresolution scanning microscopy.

The sample was patterned with dimension: L= 555 microns,
l= 183 and thickness: 800nm.

The resitivity of the film just above TN is 18,3 cm 
(12,7 for a single crystal)
The amplitude of the increase of R(T) below TN is 0,5% 
(typically 2,5% in a single crystal
And the RRR were low in the order of 10.

The thin film is well epitaxied, but 
polycrystal with domains along the 
(100) and (110) 
Excess resistance from domain walls

M. Guillou-Vitry et al., University of Rennes,
1996 unpublished





50nm diameter Nickel nanowire 6000n,m long has a resistance of 260 Ohms

Most common templates:
Ion-track etched membranes
Al membranes

(asbestos, porals,…)



Charge density waves in alkali metals: Potassium



Albert Overhauser
1925-2011



--Overhauser effect
Change of the integrated intensity of the 

NMR absorption of  a nuclear spin in metals when the spin resonance of 
the electrons is saturated  (1953)

the Colella-Overhauser-Werner (COW) effect
Observation of the quantum mechanical 

phase-shift of neutrons caused by their interaction with the Earth’ 
gravitational field  

PRL34, 1472 (1975)

-CDW in alkali metals



The consequences of this discovery---known as the Overhauser Effect---for nuclear 
magnetic resonance, and through nuclear magnetic resonance for chemistry, 
biology and high-energy physics have been enormous. The idea, which has also had 
very practical consequences, was so unexpected that it was originally resisted 
vehemently by the authorities in the field. Not until its existence was demonstrated 
experimentally by Slichter and Carver(1)in 1953 was it fully accepted. It has been 
said that one can judge the importance of a new discovery in physics by the number 
of other fields of science and engineering it impacts. From this point of view this 
contribution of Overhauser ranks among the highest.
In simplest terms, Overhauser was the first to demonstrate that it is possible to line-
up, or to polarize, nuclear spins by a factor 1000 or so larger than one would expect 
based on then common intuitive notions. The trick that he used was first to impose 
microwave power on the nuclear-electron system and thereby excite the electronic 
spins to higher, non-thermal equilibrium states. Then because of the coupling 
between the electron and the nuclear spins, as the excited electron spins try to 
equilibrate to their lower states they reorient the nuclear spins. The nuclear spins 
then exhibit an enhanced polarization by a factor equal to the ratio of the electronic 
to the nuclear magnetic moments i.e., by about a factor of ≅ 1000.
When first proposed as a contributed paper at an APS meeting in April 1953, the 
proposal was met with much skepticism by a formidable array of physics talent.

http://www.physics.purdue.edu/about_us/history/Albert_W_Overhauser.shtml#footnote_1


Fourfold induced-torque anisotropy

Cyclotron-resonance transmission- effect of a CDW

Microwave surface resistance in a perpendicular magnetic field: effect of the CDW

Quantum oscillations from the cylindrical Fermi surface sheet created by a CDW

Neutron diffraction structure in K near 011 and 022 Bragg points

Fermi surface in K in the CDW state

Infrared  absorption spectrum of an ICDW in K

Field dependence of the residual resistivity anomaly in K

Photoemission from the CDW in K and Na

The T dependence of the resistivity below 
1.3K rules out the conventional e-e 
scattering which is explained by the 
electron-phason scattering resistivity 
which depends on the anisotropy of the 
phason spectrum (PRB 23, 3638 (1981)

Possible effects of a CDW on the physical properties of poatassium









The last paper



“Perhaps the most reproducible property of potassium is its 
irreproducibility”  ‘AW Overhauser, Adv in Physics 27,343 (1978)

Not only results depend from sample to sample but vary 
drastically from run to run on the same sample.
Alkali metals continuously recrystallize at room temperature

The resistance ratio of a wire can depend on whether it was 
cooled at 4K quickly or slowly , coated with oil or dry or how 
long time it was kept at room temperature



Potassium:    Admirable perseverance in the goal to be reached

Back to Chromium: 
the need of a nanowire with a single Q vector


