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89Y NMR Evidence for a Fermi-Liquid Behavior in YBa>Cu3Og + x

H. Alloul, T. Ohno, @ and P. Mendels

Physique des Solides, Universite de Paris-Sud, 91405 Orsay, France
(Received 15 May 1989)

We report NMR shift AK and 7, data of *Y taken from 77 to 300 K in YBa,Cu3Oes+x for
0.35 < x < 1, from the insulating to the metallic state. A Korringa law and therefore a Fermi-liquid pic-
ture is found to apply for the spin part Ky of AK. The spin contribution y;(x,T) to xm is singled out, as
the T variation of AK scales linearly with the macroscopic susceptibility x». This implies that Cu(3d)
and O(2p) holes do not have independent degrees of freedom. Their hybridization, which has a o char-
acter, hardly varies with doping. These results put severe constraints on theoretical models of high-T
cuprates.

PACS numbers: 74.70.Vy, 75.20.En, 76.60.Cq, 76.60.Es
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Charge modulations ...

Hoffman, 2002
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Charge order Landscape
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Charge order Landscape

YBa,Cu,0

6+X

anomalous Kerr effect T, <T*

Xia, PRL 2008
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glassy SDW : Tgpy << T*
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Charge order Landscape
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Nematicity
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Nematicity

Charge order Landscape
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orders occurring around T* ?
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Orders at q=0 don’ t open a gap in
the electron’s density of states.
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Is the Pseudo-Gap a phase
transition or a cross over ?
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Mott transition Fluctuations
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The context : doping a Mott insulator
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Fluctuations Emery Kivelson 95

TABLE 1 Phase stiffness and T§>* for various superconductors

Material 1 (A) A (A T. (K) Vo (K) T9T. | Ref.

Pb 830 390 7 6x10° 2x10° 17

NbsSn 60 640 18 2 x10* 2x10° 18
UBe, s 140 11,000 0.9 107 3x 102 19, 20
LaMO4Sg 200 7,000 5 4x10? 2x10? 12, 21

Bo.sKo.4BiO3 40 3,000 20 5x 102 50 12
KsCso 30 4,800 19 10° 17 22, 23

(BEDT),Cu(NCS), 15.2 8,000 8 15 1.7 24

Nd,_.,Ce,Cus04. 5 6.0 1,000 21 4x10? 16 25
Tl,Ba,CuOs.. 5 11.6 2,000 80 2x10? 2 26, 27
11.6 1,800 55 2x10? 3.6 26, 27
Bi,Sr,CaCu,0g 7.5 1,850 84 140 1.5 28, 29

Bi,Pb,Sr,Ca>Cus010 5.9 1,850 105 110 0.9 28

8.9 1,850 105 160 1.4 28

Las_,SrCuOy. 5 6.6 3,700 28 30 1 30

6.6 2,200 38 85 2 30

YBa,Cus0y_ s 5.9 1,600 92 145 1.4 31

YBa,Cu.0g 6.8 2,600 80 65 0.7 31

2
(hec) a
0= 242
167¢2A%(0)
Imax

11
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Emergent SU(2) flucutations
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SU(2) symmetry related to the SU(2)

AW symmetry of the superexchange hamiltonian
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Phase diagram under applied magnetic field

Forgan, Hayden (2015)
Le Boeuf (2014) TCD




The concept of SU(2) symmetry

Pseudo-Spins

+ _ A
=2 aqcliiql
k

=) <CIT<¢CkT + ChequCrQlL — 1)
k

=1 representation
Ay === dgcly,
V24

1
AO = 5 kz: CI{UCk+QU7

Ay =—Al,

[nia Am] - \/l (l + 1) —m (m + 1)Am:i:17
(N2, Am] = mA,,.

C.N.Yang & S-C. Zhang (1989)

AT AT
S 1) “Te. 2)
\\ T \\
Tp \\ MF Tp X TMF
Ts .\ Ta\ Ts \
Tn T
ﬁ‘\ / \ ¢
| _
Uc ] u Me Uc
AT AT
R N 3) RN N 4)
\\ TMF ‘\ TMF
\ \
T \ \
P ‘ . ‘
TS ‘l p T \
Tn T s |
n
T . /7|

Uc u Uc Uc’

Y



Topology and
local structures
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Homotopy classes
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Key ingredient



Short range AF correlations : J strong enough
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Experiments
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Conclusions

* Charge orders are a key players in cuprate physics: natural
competitor of superconductivity.

e Quasi- degeneracy between charge and SC levels 1s treated
within SU(2) rotations and non linear 6-model

e [ocal structures, or skyrmions, are a
signature of the model

* Experiments looked at : ARPES, transport (strange
metal phase), Raman spectroscopies, Hall effect
(evolution of carriers # with doping)...
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