CONFINEMENT

---Quarks, the fundamental particle, cannot live in the “physical vacuum”, which
is a complex many-body state containing large amplitudes of gluon fields, etc.
---Quarks build a bag of “real” vacuum inside the nucleon.

---Inside the CuO, planes is the “physical vacuum”, a complex many-body state
in which electrons are not elementary excitations. Rather, electrons are
unstable, breaking up into spinons and holons.

-—-Only electrons can live in the real vacuum, which inhabits ordinary metals
and the intervening insulating layers.

---In-plane charge transport is by holon motion. .

-—-Transport between planes is only by electrons, which requires the holon and
spinon to reassemble into an electron before interlayer transport.

THE Theory of SUPERCONDUCTIVITY in the High-Tc Cuprates,
P.W. Anderson (Princeton Univ. Press, 1997) ISBN 0-691-04365-5
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ABNORMAL NORMAL STATE ofthe HIGH-TC's \\\\\\\L

(and WHY USE HIGH MAGNETIC FIELDS ?)

LOW - DIMENSIONAL TRANSPORT
and QUASI-PARTICLE CONFINEMENT

REVEALING OC>Z._.C_<_ CRITICAL POINTS
in the HIGH-Tc PHASE DIAGRAM

SCIENCE, Correlated Electron Systems, 21 April 2000

“Advances in the Physics of High-Temperature Superconductivity”
J. Orenstein and A.J. Millis, Science 288 (2000) 468

“Quantum Criticality: Competing Ground States in Low Dimensions”
Subir Sachdev, Science 288 (2000) 475

“Sources of Quantum Protection in High-Tc Superconductivity”
Philip W. Anderson, Science 288 (2000) 480

THE Theory of SUPERCONDUCTIVITY in the High-Tc Cuprates,
P.W. Anderson (Princeton Univ. Press, 1997) ISBN 0-691-04365-5



212 (6661) Z8 Tdd 1818 ‘Actopad ‘A'Y
S8LpL-(2661) 95 AYd ‘18 19 ‘185907 "O'Y

ue,
>d

) Y3 JEIU LWNIUNLOW 3B JONPUOIJ:

4°0)

2w A13u3 JO UOHDUN) © se

1od jepour’

Buipuy jo Kiigeqosd

ABiou3 pue WNMUIWOW

{

uaAIB a3 30 LI} Ue

Kusuaut uoisspudooyd s

UMOYS "JUCT UINOJILG I JQ IV

Jo {
-ns

a3 03 jevoiiodoad)

*43 03 aanmas paunse
WNJUIIOW paxy e

‘swiBai padopiepun 8y} uj

'sasdejjoo deb Sunonpuoosedns ey} usym

Buuayneoss 1oj eoeds aseyd paseasoul 0) enp

91 anoqe sjsisuad deb ABieus ay) pue
‘0] aaoqe Aybls suapeo.q yead spotuedisenb ay)

80UB)SIXD S}t SOMO ajoipedisend 9y} J1 S8
'0) je sseaddesip yead gjoiedisenb oy

‘9}8)s Bunonpuoasadns ayj Jo 82uaIey0D os8Yd 8y} O}

43wy padopsapun o) [(€2 22) woy) p3

’1

udsasdy 'y “813

-1depe] €3133ds S3dYYV JO UORE

‘aunbas padopseao ayj u)

00l 0S|

0S

Intensity (arb. units)
B
ol ol ot

Temperature

é

3 ’
® rs
Y es 7
3 g

2 ° - 4
8 <3
3 38
2 RS
3 V)
= ~ [
S ., 9

pinby uuey #
/ .

. Bjep S3dyV Ul INJWINIINOD jo sduspiag

B i (orreisTiia g A

PHYSICAL REVIEW B

" YOLUME 41, NUMBER 1

Normal-state transport properties of Biz+,Sr;- yCuOg » , crystals

S. Martin, A. T. Fiory, R. M. Fleming, L. F. Schacemeyer, and J. V. Waszezak
ATA&T Bell Laboraiories, Murray Hill, New Jersey 07974
(Rectived 19 September 1989)

Transport anisotropies of pe/pa =10* to 10* were d for sup ducting and p
conducting BizesSr1-yCuO¢zs crystals. In d linearly with

P ] les pu i

lfmpentum from just above 7,27 to0 700 K. The implication of the p. results is that classical
,‘....,).. iag hasisms are insdeqy The anisotropy asd T, for various lay-

ered sup Y are d hmay!u!luudidhilmmanlﬁanyiunl

power law T=°, g=0,3-],

1 1 1 1 1
50 100 150 200 250 300
TK

FIG. 1. In-plane (a) and out-of-planc (b) resistivities mea-
sured in 2:2:0:1 crystals: a nonsuperconductor (Q) grown with
St/Bi=1.22 and Po,~20%, and a superconductor (O), with
St/Bi=1.0 and Po,=4%. Curve in (a) is a fit assuming BG;
curves in (b) are power-law fits. Inset (2) shows v=d{in(p.
=po)}/dlInT] vs T for the superconducting sample (@) as com-
pared with BG fits with @3 =10 K (dashed), 35 K (solid), and
80 K (dotted). Inset (b) illustrates p. is non-Arrhenius.
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INSULATOR-TO-METAL CROSSOVER

T, | optimum doping ~ N THE NORMAL STATE OF A HIGH-Tc SUPERCONDUCTOR
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Boebinger, etal. PRL 77, 5417 (1996)
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MEASUREMENT GEOMETRIES
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No Heating Effect at 0.7 K

v —r—r—r—r—Tr—r—
La-doped Bi-2201 T=0.69 K
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0.0 i
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Eddy-current heating is proportional to (dB/dt)2
and therefore is very different
between up and down sweeps



Resistivity (nQcm)
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SAMPLE VARIATIONS in Bi-2201
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SAMPLE VARIATIONS in Bi-2201
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Is the normal state in Bi-2201 a Fermi Liquid?

0 La:Bi-2201 (slightly overdoped)

"A* (k- 5)
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Ando, et al.,
PRL 77, 2065 (1996)
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at low temperatures in Bi-2201
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Implications of sample C ;-

In conventional systems, pab and pc behave the same way at
low temperatures.

Fermi-liquid models for "semiconducting” p are likely to
have difficulties with the data.

For Example,

¢ Phonon-assisted hopping model
[Rojo and Levin, PR B 48, 16861 (1993)]

=> pc must cross over to metallic behavior as phonon
disappear at low temperatures, roughly T < 20 K.

Non-Fermi-liquid models seem consistent with the data.

¢ Resonanting Valence Bond theory
[N. Nagaosa, PR B 52, 10561 (1995)]

. Luttinger'Liquid theory
[D.G. Clarke, S.P. Strong, and P.W. Anderson, PRL 74,
4499 (1995)]

In-plane quasipanicle confinement
(e.g. spinon-holon separation)

= Incoherent c-axis transport, Coherent in-plane transport

- =Y
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NHMFL Pulsed Magnet Facility in Los Alamos
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\ NHMFEL Pulsed Magnet Facility in Los Alamos
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Long-Pulse Magnet

Energy is stored in the
power supply
transformers.

Transistors update the
voltage applied to
the magnet roughly
every msec.

The desired magnetic
field pulse is

Seven 84 MVA shaped per the

requirements of the

1.4 GVA Generator - S experiment.
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Each pulse can be sclected
based upon the needs of the
particular experiment.

‘ The 60T Long Pulse magnet.

MAGNETIC FIELD (tesla)

0 1 2 3
TIME (seconds)

Yo

The magnetic length is 25 nanometers /[B(teslas)]
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