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Spin Glass Examples:
2o | Cu:Mn, Ag:Mn
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T>T, : free spins T ‘ \
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Low temperature SG phase

Many experiments: aging, rejuvenation, dynamics, irreversibility lines
mmmmsd  this workshop

competing theoretical views: mean field (inf. range SK model) vs droplets (short range)

mean-field:; Parisi 83 solution P(q)
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no spatial structure
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{og) | (8;} () Distance ? overlap between states ¢., =FE<S? .SZ>
= Hamming distance: common ancestor ’

Many LE states d,(ay)=3

exp. analysis requires bifurcation rules & dynamics
within the ultrametric space



PA(Q>

Droplets picture
Local excitations Single ground state T
r >q
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! f‘ excited droplet

Arrhenius barriers dynamics
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Droplets picture in a field
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H - Hd/(d-ze)
irrev. line %
_2d—39
\ SG only for H=0 X3 & H =0
N >
T Other view (J. Villain EPL 1986)

Argument:

(LLLd/Z )LI > YT°

Proliferation of
large (L) droplets
—SG phase unstable

Finite Tg(H) possible



A quantum coherence primer

Sample: a wire Quasi 1D diffusion for electrons
: ,
%},ﬂ w h<lL T = % diffusion time
L D
E.(L)= f = hz Thouless energy
TL

small energies  k,T, 7w < E, wavepackets diffuse over the

UNIVERSAL MESOSCOPIC whole sample and “feel” ALL
REGIME impurities, i.e. the whole sample

larger energies k,T,lico > E (L) Cut sample in smaller pieces L

hD
\,\, such EC(L')=F=kT,hCU

Each piece behave as an independent
sample



Woanted: one spin glass sample, not several indep. SG samples

L

Somme numbers
Ly, =0.58um

Lyosr, = 2.8um ﬁ-ﬂﬂ

Tg=28 K LTg ="70nm

Ly sz, =96nm

T,=0.7 K

too small

Other issues: phase coherence length an > [
Ty <<Tmm) Ag:Mn, Cu:Mn 500-1000ppm

dilution temperatures



Universal Conductance Fluctuations in Spin Glasses

B frozen spins (static)

Universal regime r
all paths interfere a‘)
\ r
L>L,,L
Interferences depend on ¢

path length (kcL), impurities phase shifts (incl. spins), —fA dl

“new sample” when

n. /
e move n,= p( e) impurities (more for spins)
r !-' Access spin-glass Conflguratlons

o (2%, }5g{9<z>}> (1 0.)

0, = NL E <Si(1) ) Si(2)>

imp 1

Altshuler and Spivak, JETP Lett. (1986) Holy grail
Feng et al. PRB (1987)
Carpentier and Orignac PRL (2008)

magnetofingerprints




Noise and UCF two limits of the same physics

3G/(e%/h)

Few differences: size of coherent

blocks (L% L¢°), other noises s
. H(T)
1/f noise | UCF regime :

Feature: cannot distinguish
between local and global Slow rearrangement Frozen impurities

rearrangements
Only thing probed # of spins / ¢

involved
Weissman group deVegvar, Levy PRL 91,92
Studies (Israeloff PRL 89,91,  Jaroszynski et al PRL 97
Weissman RMP 88,93) Capron et al



SG noise studies

Sample T,=30K 50x50x150-500 nm
(constriction) 5-50 L3 blocks, 108 spins

S(f) x f

1 L 1R AR 2 B A R RN X8
0.01 0.1 1 10

f (Hz)
3,..,13: sequence of noise measurements

Noise is NONSTATIONNARY

=) inconsistent with droplets (TLS)
Analysis in term of second spectra
and dynamics in Parisi model
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SG UCF studies

deVegvar-Levy PRL 91

Observable UCF in CuMn (sputtered using ~ Comparison between
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SG freezing: appearance of UCF

3.9 K

T>Tg

Build antisymmetric
combinaison sensing t<> -t 7 1K
- .

Godd(H)= GIV(H)_ GVI (_H)
Gas (H)= Godd (H)"' Godd(_H)

large 09 correlation 7 _ 7
8

(8g' (H.0.8T,)dg" (H.0.05T,))

(0g' (H.0.05T,)dg> (H 0.05T,))

1.ZFC 2:after cycling to 10T
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AgMn studies T>T, Kondo pairs L ) (A
Vavilov Glazman PRB 2003
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Where is Tg ?
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AR (Q)
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UCF in the SG phase

-~ UCF @ 300 mK
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Two regimes :
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Amplitude increase with H

E—) Lq) Increases with H
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AG(B)/AG(Inf)
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Spin polarization seen in UCF
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L, in the SG phase
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From spin flips to « free » spins

Assumption: single spin-flip
decoherence

Mr‘1k Mn**
/‘

et el

Other possibilities
not considered

or larger objects (magnons)

Nagaoka-Suhl Kondo spin-flip
(PR 138 1965)

imp. conc.
7 c‘lj'w S(S +1)
B=0 ‘L’— =7 v 2
Y .77,’2S(S+1)+(2 ln(T)]
TK
B#0 1 = f B L
T, (B) T T,
Vavilov Glazman PRB 2003

cMn(T) = CMnff( B]ch )P(Bloc )/]dBloc

analysis— later



Spins contributing to L,

TAG, =40 mK

(0¢) = 1, = D, e, (1)

“slow” freezing
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Configuration 1

Measuring correlations

UCF (¢2h)
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The spin diffusion length

1 o) Q2 =
92 = Nz— S 5,7 =0 He—Mn=_jO.S
>(C

1,2) <5g(1) (B)ﬁg(z) (B)>

J small




Use C,, to measure q

N ~ RN
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= 06
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D. Carpentier et E. Orignac PRL 2008



Sensitivity to q,, Temperature cycling
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Adiabatic deformation of q with field (1)
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Elastic deformation of q with - field (2)
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Role of anisotropy ? -
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Decorrelations above Tg
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Experimental measurements for q
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Discussion: from L (T) to width of P(h)

Single spin flip Vavilov Glazman PRB 2003
\ Fluctuating Kondo impurities in a field
Mn** Mn** hopf, e eS|, <S§>v+<SZ>tan(u+v/S) %
/ T, (”_kBT’V_ kT )_ } S(s+1) 7,
et el 2
<5 2>=J‘[LT de 1
H—h_+h +H s L3f J € 1 1
cosh( ) +—
Play with different model for P(h) kT \/Lif( £ ,gS“BH) L,
% — . kT™ kT
/| T=0/1 Tg
_ Need to multiply
// =0-5T9 Field scale by 5-6
i\%o.é
/
— =Tg Much broader distribution
| of local fields compared to Tg

1 B(Tésla) 3 4 scale



Conclusions on UCF in SG

* Observable (CuMn, AgMn, CdMnTe)

« Sensitive to SG configuration

* reveal surprising robustness to applied fields

« Spin diffusion length key parameter for C(q)
measurements

* All data consistent with very broad distribution of
local fields on scales >> Tg (GT line never reached)

Open issues

 How many spins need to flip to drive C(q) to zero ?

* Pin L better

* reconciliation with macroscopic measurements (y, C)
— films



