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PHYSICS Science 317 June 2007

Is There Glue in Cuprate
Superconductors?

Philip W. Anderson

Many theories about electron pairing in cuprate superconductors may be on the wrong track.

High T, cuprate superconductivity is still
one the attractive field of material science
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Magnetic scattering

S (Q,w) = 7dr e‘i“’tEeiQ"'<SO“(O)S,,/3 (r)>

r

Neutron sees spin-spin correlation (two-particle correlation)

Dynamical magnetic susceptibility
—-hw
X"(Qw)=1-e 71)S(Q,w)
Local dynamical magnetic susceptibility

x"(@)= [ dOx"(Q.w)

Instantaneous (t=0) spin correlation
~kgT

S(Q) = fde(Q7w)Q:c0nst. =~ fd(US(Q’a))Q:const.
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What is neutron scattering experiment?

C triple axis spctroscopy,

Incident Neutron

E.=(hk,)?/2m
E,=(fi,)?/2m

Q=k;-k;
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Inelastic scattering by monochromated beam
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inelastic scattering changes the neutron speed
v >
Time of flight Neutron source

Neutron pulse

k¢ >0 w=0

By using TOF method with monochromated beam inelastic signal can be
obtained at fixed scattering angle



Scattered neutrons scan along a locus in a (Q,n) space with a finite resolution

TOF-scan at a fixed scattering angle
z Rutherford Appleton Lab.

\/ Pulse neutron source ISIS
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Carrier-doping into Mott insulators induces superconductor
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Hourglass shape of magnetic excitation in superconducting phase
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Our interpretation of hour glass type magnetic excitation

Two energy scales E_, .. and J_ can be defined

E..ss IS the crossing energy between the downward and upward
excitation. In YBCO, Bi2212, E_, ., nearly corresponds to resonance
peak energy.

J.s is defined from the upward excitation.

E.oss (Jess) decreases (increases) with decreasing doping and is
continuously connected to the spin excitation of undoped Mott insulator

PRL 86(2001) Coldea et al.
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With dilute doping spin excitation is modified at low energy region

E....~20meV
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X"(@) (13 eV-1 fu)

Similarity between LSCO(optimally doped) and YBCO(underdoped)
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x" (@r (a.u)

E. ... does not correspond to the hump energy in x"(w)
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We can also define higher energy scale : renormalized J, J
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SCATTERING INTENSITY
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Spin dynamics
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Two types of spin fluctuations in n-type cuprate NCCO

J.¢ from instantaneous spin correlation length in paramagnetic state

g(x, T) = A(X) eXp(ZﬂpS (x) /T) Motoyama et al., Nature 445(2007)
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(darkness of color corresponds to the strength of spin correlation) doping
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N-type cuprates are normal ?

Magnetic fluctuations in n-type high-T7, superconductors reveal breakdown of
fermiology

F. Kriiger!, S. D. Wilson?, L. Shan®, S. Li?, Y. Huang®, H.- H. Wen®, S.-C. Zhang?, Pengcheng Dai®>®, J. Zaanen'

cond-mat 07054424
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Fermi liquid model cannot reproduce commensurate low energy
spin fluctuations in electron-doped cuprates
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The high energy magnetic excitation is also anomalous

MAPS

400

MAPS

a J=161.9= 13 meV, J=0 meV (E > 100 meV) | v Pr0.89Laceo.1 1C1104
......... Cu0, (=104 meV., J;=-18 meV) T | = ) =150+10meV
———— ::c:o‘a;mz\tj,wm:; ! \n i 3 0 oA o i §m_150_10 :
o (] o <
—~ o . in j » 4
|8 (e ] . nQ i ) l 7% ]
T3 = 1] M Iy ,ll \ 1l = ny !
hardenin % | e i ll | TE o ORI 105100
4 . _ i \ \be T ' K !
s % NSNS NN] o> &~ O U k] iy i
AN S <+ [ SRR 5 L e
5 'y Q \ .- > 9 00 | .
2 Yy = | S uv & c s
o f
o L % | mw | E 3 W B b
4P] | -’ \ - !}
O o o 50 entx Lo
o 2 e
3| =% W
‘Enerzy (me [4505}::}%]“;) - =T i \
0 § oA el ey o |V o | softening I-ﬁl 0
; \ pivder - » ] % 08 10 12
A% { & t -l h(rlu)
- ‘s » L ! ! ! o
s 3 © ® v <+ o .
s i P2 - © © o o ° Fujita et al., JPSJ(2006)
02 M,l 02 = = < = S S
[H+05,H+05](r.Lu) ( )
-y) A
o

Different from spin-
wave-type excitation
in SC phase ?

Wilson et al.PRL(2006)

“Hardening” at high energies,

softening at low energies ! _ o
Pencil shape excitation?



Dual nature in magnetic excitations in n-type?
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Future experiment including polarization analysis will clarify this issue
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Uniqueness of Ni-impurity in doped cuprates

Zn in Bi2212

Robust superconductivity around Ni
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Effect of Ni-impurity on spin correlation

Ni—induced AF order in La,_ Sr,Cu,_ Ni, O,

Yy
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hole concentration (Blotter effect)



There must be two types of holes by Ni-doping

impurity free

Itinerant Zhang-Rice singlet Itinerant holes
+ Localized holes



Ni-impurity is not a
magnetic impurity
but a nearly pure
charge impurity in
doped cuprates
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XAFS experiment (SPring-8, linearly polarized, Ni K-edge, T=300 K)

Site-selective measurement (local structure around ~1% Ni impurity)

photoelectron
(Oth approx. ~ free electron)

outgoing wave  surrounding atom
explikr)

X
{q; \4 ._ @] NiOg octahedron
\\@//
e / scattered wave
~oexpliklr-r;l)




EXAFS raw data

La2sS | 4y Sr CuyNiyO4, Ni K-edge, T=290 K
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EXAFS results hole-trapped state of Ni=3d? or 3d8L
— S=1/2 with similar local structure around Cu
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Ni-substitution effect on magnetic excitation
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Doping dependence of E . and J
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Unique feature of Ni-impurity including the robust SC
against Ni can be qualitatively explained by the blotter
effect of Ni-impurity in the doped cuprates

In order to sustain high-Tc SC, 2D antiferromagnetic
framework with s=1/2 is necessary

Doping dependence of E_ . and J
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