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1/ The oscillations of the resistance with B at high field are the Shubnikov-de-Haas oscillations :
a strong enough magnetic field induces density of states p(ep) oscillations (precursor of the
Landau spectrum), which induce oscillations of the conductivity o = 25e2p(ep) D.

2/ We solve . The solution is continuous at x = xg :
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Imposing the second boundary condition, we find —2,/74 = —1, hence
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3/ We sandwich (2)) between y,(y) and x,,(y) and integrate. We use
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Finally
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as a consequence
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4/ “Quasi-1D approximation” : We consider length scales much larger than the width, i.e.
L, > w (recall that L, set the typical size of trajectories contributing to the weak localisation).
The Cooperon is

Po(r,7") = Z Xn(Y) Pan(2,2) Xn () (12)
n=0

The first term Ppo(z,2') = L2—‘Pe*|“*:”/‘/L¢ is a function of height L, and width L,. Using that
VY FEn =~ nw/w, we see that the next terms P, ,(x,2') = %e*nﬂlxﬂeﬂ/w (height w/n and

width w/n) are negligible. Finally we deduce that the sum over traverse modes is dominated by
the first term : P.(7,7') ~ %e—\ﬁ—x’\/%‘



5/ We only need the Cooperon at coinciding points, thus Ao = —2;‘%2 5—1‘1’;. Using Ag = (w/L) X
(h/2se?) x Ac, we recover the result

Ag=——* (13)

6/ Strong localisation ?

a) In the strongly localised regime we expect g ~ exp[—2L/&] for L > &, instead of ¢ ~ gprude =
m€/(2L) where £ = N.{.. Using the data : the number of channels is N. = 630/(107) ~ 20, thus
& =20 x 340 ~ 7.2 pm.

b) The largest phase coherence length is L,(10 mK) ~ 8.2 um, i.e. it is comparable, but not
much larger. We cannot observe the strong localisation under such conditions (note that in
narrow wires, w ~ 50 nm, made of 3D metal deposited on a substrate, the elastic mean free
path is shorter ¢, ~ 20 nm but the number of channels is much larger, N. 2 50000, so that the
localisation length is larger £ ~ 1 mm and strong localisation irrealistic).

¢) In 2D metal, the Drude dimensionless conductance is gpyude = TNcle/(2L) = w€/(2L). The
relative correction is thus A
g _ _QLW (14)
9Drude 775
The weak localisation is “weak” (validity of the diagrammatic approach) for L, < £ (no strong
localisation). The experiment is slightly at the border of this condition, L, (36 mK) ~ 5.3 ym

(and shorter for higher temperatures).

7/ The heuristic argument is based on

Ac(B) ~ — Z edmi®[Ce]/do

Ct with t<Ty

where the sum runs over closed diffusive trajectories (loops) smaller than L. The magnetic flux
encircled by the trajectory is ®[C;]. The magnetic field introduces a second cutoff as it eliminates
all trajectories which intercept a flux ®[C;] > ¢o. This makes the sum decaying with B, so that
Ao (B) grows with B. This is the anomalous magnetoconductance.

The new cutoff Li corresponds to trajectories carrying one quantum flux. The typical surface
of a trajectory in the wire is Lyw therefore we write LgwB ~ ¢ hence Lg ~ h/(eBw). At strong
magnetic field (Lg < L) the magnetic field provides the dominant cutoff so that

Lg
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Poo(z,2’) : this allows to “project” equation
") depends only on x and 2’ :

8/ We still assume the structure P.(7,7”)
on the first transverse mode. Assuming P,

% L 2 418 g 9 o _l .

The choice of the gauge leads to [’ dy Ax(y) = 0 and [" dy A,(y)* = B*w?/12. Finally we

obtain

| Py = %5(3: — )
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that is the same equation as for B = 0, provided
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We have now obtained the precise expression of Lg.
9/ a) Performing the substitution in Ag = —LT"’, we deduce the magnetoconductance
L 1 o V3D 3
AgB)y=—"¢6_ - with B, < V3h _ V3 9y (16)
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b) The limiting behaviours are Ag(B) — Ag(0) ~ +2£§2 B? at B < B, and Ag(B) ~ _Ls
©
—1/|B| as expected for B> B,,.

¢) The magnetoconductance curve Ag(B) has height L,/L and width B, o 1/L,. The expe-
rimental data show that L,(T) N\, as T' . As temperature increases, the extrinsic degrees of
freedom are activated and decoherence becomes more efficient.

d) The validity of the quasi-1D treatment is L, > w at B = 0. Similarly we expect that the
validity at high field is Lz > w, i.e.
Po

72 .
w
Using w = 0.63 pm this gives |B| < 100 Gauss, which is the case for the data.
e) For strong magnetic field such that |B| > ¢o/w?, the cutoff is shorter than the width.
Assuming that the diffusion approximation still holds, this means that one enters into the 2D
regime (the diffusion cannot anymore be considered as effectively 1D). In 2D we have Ao =~
—2:¢ 1n(L,,/0). At strong field L, — L{Z?) = /6o/B hence Ac(B) ~ —In L™ ~ +1n|B

mh » : g ) B = ()/ ence U( )N n Ly ~ + n‘ |

It is not really what the experimental data show : for strong field, there is probably a problem
with the diffusion approximation in these samples with very large /...
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