Illuminating a Second 'Kink' in High-Tc
Superconductors
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superconducting state. This spectral abnormality is
thought to be signature of an interaction or
“coupling” between an electron and an excitation
such as a phonon, which is a vibration of the ions
that form the lattice of a superconductor’s crystal.

“Big kink” (left) vs. “small kink” (right). a) OP91 BSCCO
(T=10K). b) Brillouin zone (BZ) and Fermi surface (FS)
for BSCCO (solid line) and LBCO (dashed line). Straight
lines represent the momentum lines probed in the
spectra with correspondingly colored dispersion. c) and
d) LBCO spectra at x=0.125 for two different momentum
lines as indicated in b). e) ARPES intensity from the
nodal line in superconducting state in optimally doped
BSCCO. The velocity or rate of dispersion changes in
the vicinity of the Fermi level, resulting in a “kink” in
dispersion at ~60 meV bellow the Fermi level. “Small
kink” image from “Evidence for Quantum Critical
Behavior in the Optimally Doped Cuprate
Bi2Sr2CaCu2O8+d,” T. Valla, A. V. Fedorov, P. D.
Johnson, B. O. Wells, Q. Li, G. D. Gu, and N. Koshizuka,
Science 285, 2110 (1999).

“In conventional low-temperature superconductors,
this is really the interaction that causes
superconductivity,” Valla said. “And there was a
hope that when we saw a similar kink in hightemperature superconductors that maybe the
mechanism of superconductivity would be resolved.
But it’s not that easy.”
While some groups hold that the mechanism is the
same as in conventional superconductors — that is,
that phonons are responsible for electron pairing –
other scientists believe that changes in the spin
alignment, or magnetic polarity (magnons), of
adjacent electrons are responsible. However,
because both excitations are found in the energy
range of the low-energy kink – between 40 and 70
meV – it’s difficult to determine which mechanism
is correct.

And recently, Valla’s group has thrown another
complication into the mix, unveiling a second and
much larger kink in the high-Tc superconductors
“LBCO” (named for the elements it contains:
There’s another kink in the mystery of highlanthanum, barium, copper, and oxygen) and
temperature (Tc) superconductors – literally. Using
“BSCCO” (containing bismuth, strontium, calcium,
photoemission studies at the NSLS, a group of
copper, and oxygen). Using high-resolution
researchers has revealed a new anomaly, or
spectrometers at NSLS beamline U13UB, Valla’s
“kink,” in the energy spectrum of high-energy
group measured the energy and the angle at which
electrons in two different families of cuprate
the electrons were emitted from the
superconductors, further complicating their quest
superconducting crystals, allowing them to
to discover exactly how the materials conduct
reconstruct the original electrons’ state. This time
electricity with zero resistance.
around, the research team found a large anomaly
in the energy spectrum of the materials at 350
In 1999, a group of researchers led by BNL
meV, the details of which are published in the April
physicist Tonica Valla discovered a low-energy
20 edition of Physical Review Letters.
kink in the energy bands of electrons in high-Tc
superconductors just as they went through the
“It was a piece of cake to see because it’s so
transition temperature from their normal to
huge, but you have to look deep enough,” Valla
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said, adding that the lower energy kink makes just a
small contribution to the total kink. “Now, the
question is, ‘What’s the cause of this big one?’”
Because they only exist at lower energies, the
researchers immediately ruled out phonons as a
possible culprit. In fact, Valla’s group now believes
that both the large and small kinks are caused by
something different: spin fluctuations. This
excitation occurs when the spin of one atom is
changed, causing a domino effect as its neighbors
flip in order to get back into the proper alignment,
whether its ferromagnetic (spins pointing in the
same direction) or antiferromagnetic (spins pointing
in opposite directions). Spin fluctuations occur at up
to 400 meV, and they appear to die out when a
material’s superconductivity disappears, providing
a further link for their involvement in the mechanism
of high-Tc superconductors.
“For conventional superconductors, it is clear that
the observation of a kink is related to
superconductivity,” Valla said. “In high-Tcs we are
seeing kinks all over the place and some of them
might also be closely related to superconductivity.
Maybe the low-energy kink is the only important
one, but it also might be that the total interaction at
higher energies is important as well.”
Valla said that future studies will extend to other
materials to verify that the high-energy kink is
present in all high-Tc cuprate superconductors and
to further investigate the role of spin fluctuations in
the system.
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