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1. Introduction

e Average conductivity of a weakly disordered metal :

N~

Drude (classical)  quantum correction

e First measurements of weak localization correction :
— quasi 1d (ex : Masden & Giordano, 1982)
— : AAS oscillations (cylinder) Sharvin & Sharvin, 1981.

Bergmann, Phys.Rep. 1984.

e Measurements on

— From AB to AAS oscillations
Umbach et al, 1986

A weakly disordered (kpf. > 1) and

phase coherent (L < L) mesoscopic ring

h/e Aharonov-Bohm (AB)

oscillations of the conductance

h/2e Altshuler-Aronov-Spivak (AAS) oscillations
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— First observation of AAS oscillations in networks :
honeycomb lattice : Pannetier et al, 1984.

Other experiments : rings, arrays of rings, square lattice...
Bishop, Dolan et al 1985, 1986.
Umbach et al 1986.
Chandrasekhar et al 1988.

e Theory for networks : Doucot & Rammal, 1985.

made more efficient by Pascaud & Montambaux, 1999.

— Quantum correction to conductivity :

21
Ao =S de P(z,x) < — / dx P.(z,x)
7 Vol Network wire () (pv)

U

theory of DRPM is only applicable to regular networks

. IJV =S Ty

<Ta’,6”> = Ta’ﬁ’ + ATa’ﬁ’ + .-

Lol

classical l,

quantum correction




2. Transport theory of weakly
disordered metals

e Kubo :
oyl7T) = 5oy GMET) ViVIGAT T
th V=1V — V)
e Landauer ;. TRV
=
y / . ! e2
IW G = fdydy wa<L7 Y, 07 y) - h me Tnm

. =

- =X

0 L

with
Tm = VoG (L, 0)GA (0, L)

Weak localization correction to conductance

Hikami Box = Ag = —

Wl

— A simple way to solve the problem :
Kane, Serota & Lee, 1988.

In the diagrammatic approach (classical transport, weak loc, UCF....) :

short range current

diagrams

long range
diagrams

conservation
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THEORY OF DISORDERED METALS

— Weakly disordered metals (kpl, > 1)

(V(R)V(™)) = wd(F =)

. —R
e Average Green function G

< W
_R
i — —_Im YR = = G ~ GORe_R/ 2t (short range)
GR‘
ée = VUFTe

—R—A
DRUDE CONTRIBUTION G G

e Kubo :
R
- — ?,l ?’,] N — —
(03 (7, 7)) Drude = mnd, Nown = 00 X 035(7 — )
s\_\~~ P
— 0 X 52]5(77—77
e Landauer :
—L/t,
<Tnm>Drude — L,n R o,m "~ € / ~ (
A
GRGA _ ™ 2
WHAT IS NEXT IN GRGA -G G
! 1
C#£C o




CONTRIBUTION OF THE DIFFUSON

R
*
(7 ) ; L ;&1
A

o,

b/

|

e Kubo :

<Oij <F7 77/) >diffuson -

e Landauer :

T R R — 1 _
Thm = L,n ?M% O,m =™ ayN.t, Fy (L UnTe, UmTe)

Le
=  gp =aglN.F

CURRENT CONSERVATION :
Classical = Drude + Diffuson

v !
<O-ij<7?7 7:)’»Classicad =0y [517 (5(77— 7?/) —_ vzvjlpd(F, F’)]
short range long range

hY e

> Vioy(7,7') =0



CONTRIBUTION OF THE COOPERON

R R
] —E— — <<
! * X Sk X A
= =\ 8k \/ N L
PC(T) ) - >I$ + //\\ + //T\\ +
o o/-->--\-o x of-/>---;--->>\-?o
A A

obeys |2 — (V= 2ied) 2| B(7,7) = o(7 — 7)

14

Gor’kov, A. I. Larkin & Khmel'nitzkii, 1979.

e Kubo : (the short range term)

. R £ _

<Oij (Fv Fl))(:ooperon = a0\ = _¢

A : ™

e Landauer : (long range)

ATy =

e Use current conservation : Kane, Serota & Lee, 1988
— calculate the longe range term from the short range term :
(Aoy (7, 7)) = ) / AFAG" 6i(7, ) b3y (7', ") (B, 7')) cooperon
il,j,

where ¢;(7, 7') = 6;; 0(7 — ') — V; V] Py(7, ")

corresponds to replace H by ZAVARRVA
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e Weak localization correction (Landauer) :

— Extract the long range term from (Aoy;(7, 7))

U

AT, = —° 1/Ld 4 pL ) P, ) Py, v
nm_(a/ch)Q gg . xd.’L‘ d UnTey X e\ &L, T dr d\ Ly UmTe

-

* Long wire = |Ag ~ —% (L> L,)
N
-

* Short wire = |Ag ~ —% (L < L)
= )
E Ly 3

Universal result : Mello & Stone, 1991.



EFFECT OF THE MAGNETIC FIELD

Altshuler & Aronov, 1981.

Solve

1_ —*_ . 2\ 2 - AN —»_—>/
[L_i (v zleA) ]Pc(r, ) = 8(7 — )

perturbatively in A= Uz Az(y)

* quasi 1d and diffusive limit : L > W > (..
* weak magnetic field : W < /h/eB

choose the gauge | A, (W —y) = —A,(y) : ﬁ’/y
1 /
7 ~ — |7 =0
Pl el N
— ]' —/ 2/ = ]‘ 12 ]‘ —/
= (r ¥y —de(r A +
e e
1 1 , (eBW)* 1 1 ,
> el —gle) — e =) +
(a] : o)
W' v+ (eBW)?/3 — d2
Effective phase coherence length :
1 11 [eBW\? =
e
= +3 W PR
AR R
90< ) 90( ) = L,(0 =
o Limit W < /0, — semiclassical methods
Dugaev & Khmel'nitzkii, 1984,
Beenakker & van Houten, 1988.
1 1 5 2212 (W
L(p(B)2 = L(p(O)Q + CB B W (Z)
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3. Weak localization in Networks

<Ta’ﬁ’> = Talﬁl + ATa’ﬁ’ + ...
v ¢

classical quantum correction

e (lassical transport :
2

Ta’,@’ = g—epd(Oél, 5I>

e Weak localization correction :

2 d

ATalﬁl = - dz _Pd(O/7 $> Pc(xa :U) _de<x7 51)

2
ge Graph dx

— CONSTRUCT THE SOLUTION OF

(v —4A) P(z,2') = 6(z — ')

* Assume continuity of P at vertices

* 25 aasllup (@) = Ao Pla)

A, = 0 : internal vertex

Ao = 00 : connected vertex = P(a) =0

P. involves

Mg = bap ()\a + ﬁz Aoy coth(\/’_ylaﬂ)) — Qo
L

ﬁ e—iealg
sh(y/7lap)

d7=0&8,,5=0

P, involves
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x Classical transport ; array of resistances , 0

1 14 ’
_ 2 2
Ta, , = € — (&

: = Tog({l

~1
laolgp M)

—Ind>1= xagN./2

*MMD&MM

Alay = laallﬂﬁ/ Z 2, [_ o T (M), + Bpair la“']
X [— (MG") 5 + (M), 5+ 8updusr lﬁﬂ’]
X / dy Pe(y,y) -
(k)
with
1 ) ) Sl
dy P.(y,y) = ——=1 |((M™)) + (M th /AL, — —— 2
[HV) Yy (y y) 2\/,—)/{ [( )UH ( )VV] (CO ﬁu Sh2 ﬁluy>
-1 0, ~1 0, sh /Yl | =1+ /7l coth /Yl
- [(M ), €% (M), €0 4 77 ] W }
After simplification
1 OT g

ATalﬁl — E_

© wire (pv)

dy P.(y,y)
o /(/W)

— Incoherent networks (1, > L) :

L‘P —1 _
laa'lﬁﬁl (MO )aﬁ a Leff

ATalﬁl ~ —
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AN HEURISTIC ARGUMENT :

1/ T = Ra(Ryuy, - - )

Resistance of the wire (puv) : Ry, = E/w + AR,
* Drude : R, =1,,/(20.) (d=1)

AR 14 62
* Weak loc. : EH’: = fWHe () SWP (y,y).
5’RC1 aRcl
AR = AR, = dy P.(vy,
oR,, # 7'('0'0 Z ol //w y Pely,y)

(nv)
1"

1/, (ind=1)

— Surprising that it works :

(7) starts from classical formula for transport

(no quantum interferences).

() ATy is global
contributions of the wires cannot be computed separatively :

the cooperon in a given wire depends on the whole network

12



REGULAR NETWORKS

Dougot & Rammal, 1985. — start from
Pascaud & Montambaux, 1999. (Ao = —6—2\% 47 P(7,7)
m Vo

Spectral determinant : S(7v) = det(y — A) = [[,(v + En),

{E,} : eigenvalues of —A on the network.
se: [dF P.(F,7) = Tr{- e ~InS()

o2 : sh \/Al,
(Ao) = =S S(y)|  with  S(7) = [ () =52 det M

My
9 |
—_ — .f 1
o i q <
=0 otherwise

S() =77 e T (1 a(Cle @)
<

product over primitive orbits
a(C) = €iy€igig * + * €ipiy - Weight of orbit C' = (41,19, -, ip).
0 L V B 1

—~InS I(C —V/71(C)+i0(C)
5y =g 5t g 2\/_2 C)e

Akkermans, Comtet, Desbois, Montambaux & Texier, 2000.
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APPLICATIONS

lc

A. Ring : |4 I

3

l4 C
a b

* Classical transport : 1—-@! 4

— 20,

Ty =

latlcyat 1l

* Weak localization correction : (for lo = Iy & l. = la)
1

1
dy P.(vy, — dy P(y,
(la + lc/4)2 [/Wire a Y (y y) * 4 Kvire c Y (y y)]

Comparison with theory of DRPM

ATM = —

0.03 ‘ ‘ ‘ ‘ |

0.00
i /DRPM

0.02 AAS -0.50 7

0.01 -

-2.0 -1.0 0.0 1.0 2.0

2¢/q,

le=3.6 pm, W =0.19 ym, L,(0) = 1.7 pm
(values from Chandrasekhar et al, 1988) and I, = 1 pm.
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B. Wire with arms : ., ly

2% T $ 3
e one long arm
I
4 —_—
T o le 8T23
Tos = 2lermi, = | >

— In the fully coherent limit L, — o0

[ [
a//b a//b
11+ -7 1 l,
To3 = — = la;lb 7 ATy~ = [ —14
3 La/b le > 1,1 3 l,+ 1
wire arm
e How to make ATos > (0 7
I, I I, .
24 = 3 | I, 1 lp=l,
Id If i

For [, < lym < Ly,
1 N,
ATy ~ - | =1+ —
23 3( + 4)

— Purely geometrical effect
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4. Conclusion

Weak localization corrections AT, 5 to the transmissions

<Ta’ﬁ’> = Ta’ﬁ’ + ATa’ﬁ’ + .-

Followed Kane, Serota & Lee to construct a AT,g free of
divergency

8Talﬂl
Ol

The weight of the wire (uv) is

Comparison with theory of DRPM :
* for a ring
— no spectacular effect

— extract different L,(0) in experiments

* New effect for a wire with arms : A753 can change sign
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