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The 6reat Colossal Quantum Conundrum of
HTSC in Cuprates, Ferrous Oxides, etc.
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Is HTSC driven by “shakes or spins”
...or both? Well?

Superconl‘t‘:luctivity
“Insulator” g* “Conductor” g

“Order Parameter”
(charge, magnetic field, pressure...whatever)
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The Story Since 1987

Macfarlane, Rosen, Seki, SSC 63, 831 (1987)
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Harashima, et al., Physica C263, 257 (1996)
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Raman Spectroscopy of YBCO
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We can see Shakes

have been there
ever since the
Creation of HTSC!

...But so have Spins!

(Cu3+/Cu2+)

Transition temperature, 7 (K)

Pyka, et al., PRL 70, 1457, (1993)
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Well...Maybe It Takes Two to Tango!



So Might the “Other Partner” Be Spins?
So Perhaps the Past May Indeed be Prologue!

Attributed to Bill S.,
edited by Paul G.
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Paramagnetic Dispersion Measurements at 77.3°K*

C. STARR
Massachuselts Institute of Technology, Cambidge, Massachuselts

(Received June 7, 1941)

The dispersion of the magnetic susceptibility of some paramagnetic compounds of Fe, Mn,
and Cr, was studied at 77.3°K over a frequency range of 2 to 10 megacycles/sec. with magnetic
fields up to 60,000 gauss. The results substantiate the theory of Casimir and du Pre, which is
based upon the thermal coupling between the magnetic spin system and the lattice vibrations.

TABLE 1. Spin system data deterniined from
- dispersion measurements.
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Did this former Harvard/MIT postdoc guess
the mechanism of HTSC 78 years ago? !



Chauncey Starr
1912 - 2007

The Physics Years (1936 - 1943)
Birth of the Nuclear Age (1944 - 1965)
UCLA & Risk Analysis (1966 - 1971)
The EPRI Years (1972 - 2007)

Please Visit Chauncey's Page at www.w2agz.com



Relevant Sreen Shots from Chauncey’s 1941 PR Paper

THEORY
The theory of Casimir and du Pre is based
upon the thermodynamics of two coupled sys-

tems, the magnetic spin system and the lattice
vibration system. ' CduP, Physica V, 507 (1938)

The heat content of the spin system changes
according to the equation

dq=dU— Hdo= — a®dt,

where U is the internal energy of the spin
system. With the assumption of adiabatic con-
ditions for the paramagnetic compound as a
whole, the resulting change of the spin system
temperature d7'=dO+aOL'dt. Application of
the fundamental thermodynamic relations of
magnetization'® (7 and H independent variables)
gives the solution for the above field suddenly
applied :

hewl
O =Ee ‘/’—Ys( )
i Cu 1+zwr

where the relaxation time 7= Cgx/a(l14+CuyL™).
The first term of this equation represents a
transient temperature change due to the sudden
application of H,, causing the spin temperature
to increase isentropically’ by an amount ©,.
The second term is the steady-state condition,
and shows the frequency dispersion.

Read and search the content and references
in Starr’s paper, especially the selection on
the left. Decide what the relative
contributions of lattice and spin fluctuations
are to thermodynamic equilibrium
temperatures such as the Debye and Neel
constant values in the presence (and
absence) of an applied external magnetic
field. And then, how do we incorporate all
this into the creation of a new general BCS
pairing formalism to replace/augment the
current Migdal-Eliashberg-Allen-Dynes-
Bardeen algorithims for fermion-boson-
fermion coupling, with relevant
adjustment/replacement of lamba and
mu*star?



So What’s Needed Next?

A DFT + U package (Elk? Quantum-Espresso?
VASP?) that will allow the simultaneous
calculation of electron-phonon interactions as
well as spin-spin excitations, and thus enable an
estimation of the Casimir/du Pre coupling...and
maybe...MAYBE... a combined phonon-spin
pairing A plus p* calculation tool?



What a Great PhD Thesis Project!

V.

Vi.

Thoroughly review the 1941 Starr paper and all its
references.

Configure an appropriate PSD setup with a cryogenic sample
chamber between 10 T dipoles.

Check out a few of the Starr measurements on
paramagnetic compounds of Fe, Mn and/or Cr.

Then grind up some Y-123 (with various oxgyen levels), and
measure...if results mimic Chauncey 1941...

Derive an alternative to McMillan-Eliashberg fermion-
fermion coupling which contains spins as well as phonons,
and apply. If it “works,” then...

Buy a new suit...or dress...for your upcoming trip to
Stockholm!



“You can’t always get what you want...”




III

“...you get What you need!

y







