Random-matrix theory

ll. random scattering matrices
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reproducible fluctuations
(magnetofingerprint)



Universal Conductance Fluctuations

(UCF)
Altshuler, Lee & Stone (1985)

® 0G~e2/h regardless of sample size or
degree of disorder (so regardless of {G) )

e sensitive to breaking
of time-reversal
symmetry:variance

of G reduced by 5

© Marcus

shape fluctuations at constant B



spectral rigidity. » UCFE

Imry (19806)
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® uncorrelated In's 2 Var G~ N too big!

® random t — eigenvalue repulsion =
fluctuations suppressed

® repulsion depends on symmetry — B-sensitivity
N>1: VarG o< 1/f3



circularensembles
Dyson 1962

random scattering matrix S (CUE)
unitary matrix SSt=1(current conservation)

symmetric matrix in the presence of time-

reversal symmetry (COE) S = uu with U € CUE

distribution of eigenvalues et®n

P(S) = constant = P({&n}) o< ||| [e®r —et®m|P
n<<im

scattering phase shifts —not observaole
In conauction



we need the distribution of the
transmission eigenvalues
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In 1S an eigenvalue of ttt
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guantum dot with single-channel point contacts

magnetic field removes smallest T's:
Increases conductance



RMI of UCF

Malzlele

transport property A = Z:a a(Ty) TETI
P({Tn}) cce P

{Tn} Zu 1) _l_ ZV(TI)

1<

we seek thevariancein thelarge-N1imit,
to show.that.itis O(1)and ~1/B



eigenvalue density p(T) = (3. 8(T — T;))

[dTy - [dTne P 5 6(T — Ti)
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two-point correlation function
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V(T) + J dT' u(T, T )p(T’') = constant

large-N limit (mechanical equilibrium)
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Var A = EJdTJdT a(T)a(TH)u™ (T, T')

® independent of V = “universal”

e ~1/B



quantum dot: u(T,T) = —In|T — T/

O0<T,T' <1
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frrom UGFto U F:anylinearstatistic
hasvariance O(1) and ~1/8

* conductance a(l) =T = variance = 1/8f
* sShot noise a(l)=T(1—T) = variance = 1/64f3

* ...+ many other transport properties



not restricted to logarithmic
eigenvalue repulsion

disordered wire:

WT,T)=—3In[T—T'|— S In|px— |

i = arsinh“+/1/T — 1

conductance variance 2/15(3

weaker repulsion gives
larger variance (2/15>1/8)



weak localization

© Chang



finite N.averages

polynomial averages over U(N) [=2]
1 only nonzero if

(UaaUpn) = T0apdab {oi} = {Bi}, {ai}={bi}

1
<uocauoc’a’uEbUE’b’> - N2 — ] (éocﬁéabéoc’ﬁ’éa’b’ 5043’6ab’6oc’[55a’b)

: 1

Weingarten ) (8apdab/Sarp®arb + 8ap dabdarpdarn)
J¢ N(N2 —1)

coefficients

2M
G = Gy Z ‘unm|2> N =2M
n,m=M-++1
M M?
(G) = — Gp, VarG = G5

2 16M?% —4



analogously, for p=1

S=uu', U uniformin U(N)

MZ

<G>ZZM+1GO

- M2 “weak localization”
0G — —Gp/4 for M — ¢



optical speckle
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© van Exter

intensity (arb.units)

L, = |Snm|2 S random unitary matrix

for incident radiation in mode m, scattered
iInNto mode n
(mode ~ speckle in the far field)



coherent backscattering

S beam splitter
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Op€en transmission channels

p=2: V(T)=0, u(T—T')=—In|T—T/

N> 1:

o4
dT ' p(T)In|T —T'| = constantfor 0 < T < 1,
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mean of T equals %2, but p(T) is minimal at =%
bimodal transmission eigenvalue distribution



detection of open
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