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Generalized Phase Diagram
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FIG. 25. Phase diagram for the antiferromagnet CePd,Si, as a
function of pressure, after Julian ef al. (1998). The supercon-
ducting transition induced by pressure at low temperatures and
pressures between 23 and 29 kbar shown in the main figure is
expanded in the inset.
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The Abnormal Normal State of the High-Tc Superconductors

l Generalized Phase Diagram ]

SUPERCONDUCTORS IN THE NORMAL STATE

8§ = % of Cu* inplanes

Electronic Raman
scattering

Phonon frequency
shift

Figure 3.26. “Generalized Phase Diagram” as seen (roughly) in (La — §r)CuOs.
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Using 60 teslas....to suppress the superconducting state and reveal the normal-state phase diagram

Challenges in Producing High Magnetic Fields

Pressure Under Water

12 feet Ears 6 pounds per square inch
2000 feet Submarine 1000 psi
12,000 feet Ocean Floor 6000 psi
Pressure inside NHMFL Pulsed Magnets
800,000 gauss Pulsed Magnet 200,000 psi

(which equals 1.4GPa or 130 kg per square millimeter)
(which is more pressure than most materials can handle)

The diameter

of a Human hair

20% Niobium Droplets
in 80% Copper Matrix

20 times larger magpnification

The Niobium ribbons work
(sort of)
like steel bars in cement...

...except the nano-composite
is stronger than either constituent
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2 Pulse 915
July 28,2000

Analysis of Debris
until January 2001

Until You Spread Your Wings,
You’'ll Have No Idea How Far You Can Walk.
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The Abnormal Normal State of the High-Tc Superconductors
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Using 60 teslas....to suppress the superconducting state and reveal the normal-state phase diagram
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Logarithmic Divergence of both In-Plane and Out-of-Plane Normal-State Resistivities

La, g Sf g CUO,

of Superconducting La;_,Sr,CuQOy in the Zero-Temperature Limit

Yoichi Ando,* G.S. Boebinger, and A. Passner
AT&T Bell Laboratories, 600 Mountain Avenue, Murray Hill, New Jersey 07974

Tsuyoshi Kimura and Kohji Kishio

Department of Applied Chemistry, University of Tokyo, Hongo. Bunkyo-ku, Tokyo 113, Japan
(Received 18 August 1995)

Normal State of BiySr,_yLa,CuOg, 5

s The I normal-state istivi of La,Sr,CuOy crystals with T, of 20
O‘Q and 35 K were studied by suppressing the superconductivity with pulsed magnetic fields of 61 T.
4 Both in-plane resistivity po; and -pl. sistivity p. are found to diverge logarithmically as
8 oRQ a T/T, — 0. Logarithmic di is by a nearly constant anisotropy ratio, pe/pas.
‘.,‘ an unusual thy insulator.
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Logarithmic Divergence of the In-Plane Resistivity
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mediate singular interactions Carrier concentration
between quasiparticles.

--- These singular interactions QUANTUM-CRITICAL (QC)

can provide both a strong pairing T T~ —~ Pl
mechanls_m_an_d asource of RENORMALIZED\\ 7//QUANTUMH o
non-Fermi liquid behavior. CLASSICAL DISORDERED (QD)

FIG. 1. Phase diagram of % (after Ref. [4]). The magnetic

LRO can be either spin-glass or Néel type, and is present only
at T=0. The boundaries of the QC region are T~ [g-g_t‘|'":

--- The observed linear-T
resistivity is attributed to
Quantum Critical Behavior

from “Universal Quantum-Critical Dynamics of Two-Dimensional Antiferromagnets”
Subir Sachdev and Jinwu Ye, PRL 69 (1992) 2411

Ref [4] is Chakravarty, Halperin and Nelson, PRL 60 (1988) 1057; PR B39 (1989) 2344

Logarithmically Divergent Resistivity in Underdoped Cuprates
Similarities between the Insulator-to-Metal crossover in BSLCO and LSCO:
--- occurs under the superconducting ‘dome’
12—y --- occurs at the same normalized resistivity, at kel ~15.
--- the Insulator exhibits Log-T divergence.
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n a High-Tc Cuprate

Searching for evidence of a quantum critical point in the resistivity
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Y. Ando et al., Physica C341, 1913(2000)
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Low-T Hall Effectin BSLCO

(two years to develop technique)
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We may understand the high-temperature
behavior of the Hall number from the t-J model...

...but not the peak that develops...

...at temperatures below Tc
...and centered on optimum doping

[l oensity

Low-Temperature

Hall Number
in Bi,Sr, ,La,CuQq, 4

Onset of carriers
yields onset of
superconducting phase

n ... Normalized per Cu

Peak or Jump near
Optimal Doping

* — T T T T T
010 012 014 016 018
p, hole doping

Dr. Greg Boebinger, LANL (KITP Exotic Order Program 5/12/04)
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Hall Number is correlated with T,

1.2 40 40
3 Critical Temperature - I O ¢
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0.0 +——4—— v v v 0
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p, hole doping
Evidence that the superconducting transition
is governed by phase stiffness (superfluid density) ...and so is the Hall number...
in the underdoped regime
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Y. J. Uemura et al., PRL 62, 2317(1989) throughout the underdoped regime
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2nE
Wﬁjﬁ -

14aa-a-aA

p=0.115 . .
Hall coefficient becomes T-independent

at low-T near optimum doping in BSLCO
---suggesting a measurement of the Hall number.

p=0.13
p=0.14 40
p=0.145 - [ Py
p=0.15 30 e
I %
< 20} s/
I N
o} &
|
[0} TP B |
0.0 0.5 1.0

n HALL

Linear relation between Tc
and the low-T Hall number
---suggests phase stiffness
governs superconducting transition
in the underdoped regime

Sharp anomaly in doping dependence
of the Hall number at optimum doping

---suggesting change in the Fermi Surface

[l oensity

...suggests a Quantum Critical Point
governs High-Tc Superconductivity

ENA O® TAAK
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SCIBNCE AN TECANOLOGY NEWS | THE WEEK' BIST IDEAS

Magnetic Field-Induced Condensation of Triplons
in Han Purple Pigment BaCu3i,04

NewSC|ent|st

M. Jafme!®, V. F. Correa', M. Hamison!, C. D Batists®, N. Kawashims® V. Kamuma® G.

A Jorge'd, B Sterc®, I Heinmaz®. 5. A, Zvyagin®, . Sasage™, K. Uchinokura™

Purple inaspin

ARARE guantum state has been
discovered Ina pigment first
made in China 2000 years ago.
Among the highest chemical
achlevementsof the Han dynasty
s Lhe creation of the valuabledye
now called Han purple [t contains
hurium, copperand silicon and S 1
hasthe formula BaCusi.o, e — £t =
Last week an inlermational team *
of researchers announced the l
pignent has astrange property Triplel __.’
{wwavarxivorg/abs/cond mat/ogo
4325kt temperatures near ’\
absohite zero. itwurnsintoa state of
matter known asa Bose-Einstein
condensate, inwhich every particle J
sharesasinglequantum state.
Only one quantum property
oftheatoms in Han purple
condenses - their spin. Physicists
toying with Splmrﬂ'nicdﬂvicﬂ;_ Si ng let
which usc spintoprooess L ew Enargy
information, could put this Lo use, i T
says team member Marcelo laime H 0 20 T egrees o
of the Los Alamos National Freedom
Laboratory in New Mexico,
"It may lead to an entirely new
typeol spintronics,” hesays.

A
I
]
w
h
1]
(=]

arXiv:cond-mat/0404324 v2 18 Apr 2004

Magnetic Field-Induced Condensation of Triplons i
in Han Purple Pigment BaCuSiz0g

S

B R
BaCuSi,O,: Anancient pigment Triplet &
A quasi-2D magnetic insulator i 5.=0
Gapped spin dimer ground state J N
\.
Magnetic fields drive a phase transition .
to agas of bosonic spin triplet excitations (triplons) 5'”9|et
Low Energy
H=0 220T  Degreesof
Transition to a coherent state marked by Freedom

Quasi-linear increase in magnetization
Distinct lambda-anomaly in specific heat
Maximum in magnetic susceptibility
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30 ATITT
L . L H a7 T H il
Magnetic Field-Induced Condensation of Triplons i 35 327,407 |
. . , : j N -
in Han Purple Pigment BaCuS%i;04 = g
X 20
°
arXivicond-mat/0404324 v2 18 Apr 2004 _g, 151
S
1.04
0.5+

12.] experiment -
—-—-- model sew Jit
Eﬁ ’
=
42
41
0

H(T)

T (K)
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Questions: Metal-Insulator Crossover in the Low-Temperature Normal State

La, Sr CuO,

Sharp Insulator-to-Metal Crossover
---at optimum doping

Linear-in-Temperature Resistivity
---near optimal doping

Evidence of a Quantum Critical Point ?
---near optimum doping
---where linear-T resistivity
has been attributed to critical behavior

0 Log-T Insulator
0 0.055

. No evidence of weird resistivity behavior
Bi_Sr, La_CuO at optimum doping in BSLCO...
272x X 6+d ) e
other than the usual linear-T resistivity.

If there were a Quantum Critical Point
at optimum doping in BSLCO ...
---between two metallic states.
---underdoped metal exhibits
unusual localization.
---would like to have some
scrap of experimental evidence.

0.10 0.16
p (hole concentration per Cu)
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