
A cr ucial clue t o cupr ates
Copper oxide (cuprate) superconductors 
have attracted tremendous interest 
because of their potent ial for resistance-
free conduct ion in electromagnets, 
generators, power-transmission lines, 
and energy-storage applicat ions. However, 
elusive quest ions st ill remain regarding 
the mechanisms driving the electronic 
behavior of these high-temperature 
superconductors. Spin-orbit  coupling?
an important property shaping many 
exot ic phenomena of quantum 
materials? has long been neglected in 
studies of cuprate superconductors.

In this work, researchers uncovered 
electron spin textures (patterns in a 
material?s spin polarizat ion) in several 

forms of bismuth-based cuprates across 
a wide doping range, using spin- and 
angle-resolved spectroscopy. The findings 
suggest that the observed spin textures 
are the result  of local distort ions in the 
lat t ice, which produce non-negligible 
spin?orbit  coupling. The work raises the 
intriguing possibility that the interplay 
between spin-orbit  coupling and latt ice 
symmetry might const itute a heretofore 
missing ingredient in our understanding 
of cuprate physics.

A nont r ivial spin t extur e
Spin-orbit  coupling (interact ions between 
an electron?s spin and its orbital motion) 
has long been considered negligible 
in cuprate superconductors. However, 
a previous study from the researchers 

revealed a nontrivial spin texture 
attributed to spin-orbit  coupling in one 
of the most-studied bismuth-based 
cuprate superconductors, 
Bi2Sr2CaCu2O8+x (Bi2212). 

To invest igate the evolut ion of the spin 
texture upon different doping levels and to 
determine the source of the spin-orbit  
coupling, the researchers mapped the spin 
textures of Bi2212 samples that were 
overdoped (with holes), underdoped, and 
opt imally doped, as well as that of 
Bi2Sr2CuO6+x (Bi2201) and lead-doped 
(Bi2-xPbx)Sr2CaCu2O8+x (Pb-Bi2212). To 
make these observat ions, they conducted 
spin- and angle-resolved photoemission 
spectroscopy (spin-ARPES) using the ALS 
and a lab-based (laser) source.

Scient i f ic 
Achievement
With the help of the Advanced Light 
Source (ALS), researchers found 
that in bismuth-based cuprate 
superconductors, charge imbalances 
caused by lat t ice distort ions 
generate persistent and universal 
patterns of spin polarizat ion.

Signi f icance 
and Impact
The results supply a previously 
missing but essent ial ingredient 
in efforts to understand the 
mechanisms driving the electronic 
behavior of high-temperature 
superconductors.

Schemat ic representat ion of the 3D elect ronic band st ructure of a bismuth-based superconductor 
(Bi2212), highlight ing the presence of two different  spin-polarizat ion helicit ies? counterclockwise 
(green) and clockwise (purple). The horizontal slices at  different  binding energies show the effects 
of changing the hole-doping level in the sample.
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Spin- r esolved ARPES
The work was made possible in part  by a 
new spin-resolved ARPES instrument 
recent ly developed at ALS Beamline 10.0.1. 
It  is equipped with 3D very-low-energy 
electron diffraction (VLEED) spin detectors, 
enabling the collect ion of electrons with 
different spin components. In addit ion, the 
beamline?s photon energy can be tuned 
over a much larger scale than a laser, 
allowing the researchers to choose the 
energy providing the sharpest band 
structures and to probe a much larger 
momentum space at once. With this 

development, the ALS joins an elite group 
of European and Japanese synchrotrons 
support ing spin-resolved ARPES.

The data revealed how the spin component 
reverses direct ion across the Brillouin zone 
center (?), a spin polarizat ion that is not 
only a funct ion of momentum, but that also 
respects t ime-reversal symmetry (by 
switching sign across the ? point). 

In the Pb-Bi2212 samples, the part ial 
subst itut ion of Pb for Bi suppressed local 
lat t ice fluctuat ions, reducing the spin 
polarizat ion. This is consistent with the 

researchers? proposed model where the 
spin asymmetry is driven by charge 
imbalances caused by the local lat t ice 
modulat ion. Overall, the results 
demonstrated the universality of the spin 
polarizat ion for various doping levels and 
the disappearance of spin polarizat ion 
upon the suppression of local lat t ice 
fluctuat ions. In the future, the team plans 
to invest igate more classes of cuprate 
superconductors to explore the extent of 
the universality of this spin texture driven 
by spin-orbit  coupling.
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Comparison between the spin polarizat ion for Bi2212 and Pb-Bi2212, in which the local lat t ice fluctuat ions are st rongly reduced. The respect ive spectra 

show a st riking reduct ion of the spin polarizat ion in the Pb-doped sample, where the imbalance of the spin-up and spin-down intensit ies clearly vanishes.
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Spin-resolved ARPES data measured from the 
(a) bot tom left  and (b) top right  quadrants of 

the Fermi surface in (c), along the nodal direc-
t ion (dashed line) and at  various off-node an-
gles ? . The spin components show opposite 
signs (blue, red) in the two quadrants.
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