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Which impurity ?

'O 4 :Ditute:in-plane
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Probes the role of a spin/charge local perturbation
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NMR in dilute alloys

Case of a metal with-dilute.magnetic:impurities

NMR of the impurity : K = Ay %o(impurity) 2
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NMR of a host atom

Kav = A Y o{far from impurity)

broadening Av ~ <S,>. distribution.of y(r)
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Long range effects above T{

RKKY-like polarization

"Opanc NMR

60
50}
40l
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20-

10+

— YBa,Cu,0, |
. Zn0.5%
s Znl% -
v In2%.

In4% |

0 100 200 300 400 500

T (K)

-broadening Av ~ <S> . distribution of x'(r)
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long range effects above T

- YBaQ'C“:sOe.e-
¥ e Nil%
1 v
4000 - iﬁg a  Ni 2 %-
TAv@En,y | - v Nid4%)|
2000 JB et al ,PRL 1997
$4
0 | = ﬁ}
0 100 200 300 400

TVN <S,> .distribuiion of x'(r)

1/T>  1/T 1/T-dependence:

——— |nformation on the T dependence
of the AF correlations
T, and T, (Slichter's group)
18
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macroscopic susceptibility measurements
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mpurity magnetism above T,
Zn2* or Li* (no spin)$ Cu?* spin 1/2

¥ h T 1

1.0 7| Mahajan et al,

_BQYNMR ” 1 PRL 1994
*8 I'YBaCuOg5Zn,q, !
0.6 | g8 -

0.4 -

02|

0.0

—> induced local moments on nn Cu



Impurity magnetism above T

Susceptibility of the induced moments
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Impurity magnetism above T

C

Universality of these induced moments

- Spinless universal characteristic in high-T_ cuprates :

Zn, Li, vacaney in YBCO
fRL 91 Bohrofetal., PRL 1999; Jullen st al., PRL2000)

Al in LaSrCuO (shida et al., PRL 1996)

sother correlated systems :

snickelates

. Mled) avel  (Waldtedt et ol., PRB 1993; Mahajan-et al., PRL 1894,

YBaNiO S=1 AF chain + Mg.(spin=0)
| staggered mag. (F: Tedoldi e ol,, FRL1899)

Spin Peierls
CuGeO, S=1/2 + Mg,Zn,Ni,SI

| AF state stabilized (oseroft-et ol PRL1985)
ﬁ «i nfuhhin faw 99

- spin ladders
2 leg-SrCuO@+ Zn

| AF state stabilizedazuma et ol.; PRB 1897)
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Impurity magnetism above TIC

the main ideo :
a staggered AF magnetization stabilized

by a vacancy in a correlated AF
background

L % (r)

‘Millis, Monien & Pines

*A vacancy in a 2D Heisenberg AF
I<S,> increases Buiutetal., PRL 1989

*A vacancy in a t-J mode! :-idem poibianc et al. PRL 1964

A vacancy in a RVB AF state

I.enhancement of AF correlations Martins et al., PRL 1996

*Spinon/holon approach : Gabay etal, Physica C 1994; Nagaosa et al.,
PRB 1995

Question : the effect of doping ?
10



$pinless impurity effect on T¢

|

100

% .per one Cuo_z'j layer)

X siane (

| Universal effect of a spinless
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impurity magnetism above Tc'

evolution with carrier doping ?

-The_-;-alg?ﬂ'ri'ea"te;f:tzl:::‘ ‘LiNMR

7Li NMR allows o, probe g
the: Iocal sutrbﬂ!ty 7
in the Vi “**cmlty of ki

Cu
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impurity magnetism above T

evolution with
doping

i NMR | | o0
400 x=0.85 %X{;me 1800
700
350 - 600
.-.M ‘-400
250 300
200
200 100
100 ' 200 “300 -400
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Impurity magnetism above T,

YBa,Cy,;04., + Li 1%

200 0 (K) T 4 200

100 + -1 100

6.6 6.8 7.0 Ca
doping level y

| Kondo-like behavior in C/(T+®) due
to carrier doping JB et al.PRL 1999

I Analogy also from T, of Li NMR :
Sca“ng Timpurity - Ximpurity

but not only for T<®

MacFarlane et al.,PRL 2000

| Induced moments in overdoped regime
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& 2000} “
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e X = 2%
e 1000}
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0 50 40 60 80 100
T (K)
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And below T, ?

7Li NMR below T¢
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And below T, ?

7Li NMR below T

Optimal doping
00121 ®=135 K1 ©=20-40 K

0.009 |-

T c 100 200 300 \ 400
T (K)
-0
underdoped
® < 2’ K unchanged
———. Anygap reduces the Kondo screening

(pseudogap, supra)
(Cassanello & Fradkin, PRB 97, Nagaosa & Lee, PRL 97;;
Gonzalez & Ingersent, PRB 98, Simon & Varma, PRB2 199))
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And below T_?.

* S.T.M experiments (Pan et al., Nature 2000) :
Zn in Bi2212

—o— Gap nodé direction
4 -—o-—Gap medma direction

1

: Residual

g -anisotropic D.O.S
IR Y -around the Zn

: L %y defect

f %

¢ 5 10 15 20 25
Bn pistance frem scatterer (&)
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